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ABSTRACT
Chronic health conditions and sedentary behaviour are major public health
concerns among older adults. The relationship between falls and upper limb strength
becomes increasingly apparent among stroke survivors. In addition to helping prevent a
fall from occurring, the upper limbs play a significant role in the performing activities of
daily living and other meaningful tasks. However, fall prevention and stroke research
focused on exercise and rehabilitation has primarily focused on lower-limb impairments.
Thus, the objective of this study was to determine if a 12-week upper limb, virtual, athome exercise intervention had an effect on falls self-efficacy and physical functioning on
older adult, community-dwelling stroke survivors. Additionally, participants perceptions
of participating in a virtual, at-home exercise program were examined. Seven participants
(56-to-82 years) completed 12-weeks of upper limb, virtual at-home exercise, and an
additional participant completed 11 weeks. Throughout the intervention, virtual weekly
meetings were conducted with each participant to gauge the experience of the program,
review exercise logs, and promote adherence to the program. Participants also completed
the FES-I and SIS-16 at three time points: baseline, 10-week, and 12-week. A withinsubjects repeated measures ANOVA was conducted for the FES-I, and a repeated
measures MANOVA for the SIS-16. The questionnaires failed to produce statistically
significant results. However, three overall themes emerged from the weekly meetings
there were transcribed and coded: passage of time (progress made), interactions, and
recommendations for moving forward. Overall, findings suggest that participating in a 12week upper limb, virtual at-home exercise intervention can provide stroke survivors with
physical and emotional benefits. In general, older adults who participated in this study
enjoyed participating in an upper limb, virtual at-home exercise program via YouTube.
However, future research should continue to examine the relationship between upper limb
impairments and fall prevention.
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RESEARCH ARTICLE
Introduction

Medicine is typically thought of interchangeably with pharmaceuticals. Physicians tend
to prescribe evidence-based treatment known to be the most effective with the fewest side effects
(i.e., constipation) or risks (i.e., opioid addiction) (Pedersen & Saltin, 2015). Unlike traditional
pharmaceuticals, physical activity can change the underlying mechanisms for physical
functioning and overall health status (Durstine et al., 2013). Despite this knowledge, in the year
2010, approximately 31% of the world population was categorized as being physically inactive
(Hallal et al., 2012). Consequently, approximately one-third of people globally are at an increased
risk of developing several chronic diseases and worsening health.
The relationship between health and physical activity is well understood; there is plenty
of research supporting the important health benefits that physical activity can produce. For
example, reduced risk of chronic diseases (i.e., heart disease, type 2 diabetes), some cancers,
enhanced function, and preservation of function with age (Blair, 2009; Warburton & Bredin,
2016). Participating in regular exercise can reduce morbidity associated with chronic diseases,
improve functional ability, and reverse physiologic impairments (Bean, Vora, & Frontera, 2004;
Warburton & Bredin, 2016). Despite the clear evidence supporting the benefits of regular
exercise, only one of three doctors provide their patients with specific physical activity advice or
advise them to engage in exercise (Sallis, 2009; Buford, Roberts, & Church, 2013). Yet, older
adults who have chronic health conditions, in comparison to individuals who do not, tend to visit
their physicians more frequently. Therefore, there is potential for healthcare providers and
physicians to use this as an opportunity to promote the engagement of regular physical activity
and educate their patients on the positive benefits associated with exercise (Chodzko-Zajko et al.,
2009). Engagement with regular physical activity is a practical way to combat and prevent
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physical inactivity, obesity, and various chronic diseases. Therefore, with almost 60% of patients
stating that if advised by their physician they would start a physical activity program, there is a
possibility to shift and regain health through effective guidance and counsel from the medical
community when paired with well-trained exercise practitioners (Berryman, 2010; Blair et al.,
2012).
In addition to increasing rates of physical inactivity, one of the most significant changes
to our society is the growth of the median age of the population (Bean, Vora, & Frontera, 2004).
Older adults (i.e., aged 65 years and older) comprise one of the fastest growing population
segments. Globally, the population of older adults is expected to double from 12% in the year
2010 to 22% by the year 2040 (Heidenreich et al., 2011). In 2012, the proportion of older adults
older than 65 years of age was less than the population of individuals aged 0-14 years (Statistics
Canada, 2020). However, as of a 2020 report, there were 6,835,866 older adults living in Canada,
comprising 18% of the country’s population. In comparison, individuals aged 0-14 years only
comprise 15.9% of the country’s population (Statistics Canada, 2020). Thus, the proportion of
older adults being larger than the number of individuals 14 years of age and younger occurred
faster than originally predicted. Advancing age is associated with an increase in the risk of
developing many chronic diseases and musculoskeletal conditions such as cardiovascular disease,
type 2 diabetes, obesity, certain cancers, osteoporosis, arthritis, and sarcopenia (Chodzko-Zajko et
al., 2009). Therefore, the increasing population of older adults draws some concern as they also
represent the greatest proportion of individuals who have a chronic disease(s), disability, and
healthcare utilization (Petrella, 1999; King & Guralnik, 2010). For example, approximately 88%
of older adults have at least one chronic health condition (Chodzko-Zajko et al., 2009; Petrella,
1999). Chronic diseases among older adults contribute to disability (i.e., declining functional
mobility and cognitive reserve), decreases in quality of life (QoL), and increases in the cost of
basic healthcare and long-term care (Bean, Vora, & Frontera, 2004; King & Guralnik, 2010).
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Furthermore, aging is accompanied by significant declines in various domains regardless of the
presence of disease (Chodzko-Zajko et al., 2009). Age-related changes can affect a broad range of
tissues, organ systems, and functions, which ultimately impact an individual’s ability to perform
activities of daily living (ADLs) and maintain independence (Chodzko-Zajko et al., 2009).
Therefore, older adults tend to generate the highest medical care expenditures while also being
the least physically active of any age group (Newson & Kemps, 2007; Denton & Spencer, 2010).
The Surgeon General’s Report on Physical Activity and Health established the
importance of being physically active in the prevention of chronic disease and the promotion of
health and well-being (Manley, 1996). Within the report, a link was made between sedentary
behaviour and conditions such as osteoporosis, obesity, and depression, as well as coronary heart
disease, type 2 diabetes, and colon cancer (Manley, 1996). However, despite the continual
evidence supporting the benefits of exercise since the report was published, more than 60% of the
adult population does not engage in physical activity regularly, with 31% of adults not exercising
at all (Newson & Kemps, 2007).
The Canadian Society of Exercise Physiology published updated physical activity
recommendations for adults 65 years of age or older: ‘The Canadian 24-Hour Movement
Guidelines’. In comparison to previous physical activity guidelines, the Canadian 24-Hour
Movement Guides focused on limiting sedentary behaviour and emphasizing a healthy ‘24-hours’
(Ross et al., 2020). Hence, for health benefits, it was recommended that adults aged 65 years or
older should perform a variety of types and intensities of physical activity. This included
accumulating 150 minutes per week of moderate-to-vigorous aerobic physical activities, muscle
strengthening exercises at least twice a week, and physical activities that include balance training
(Ross et al., 2020). Additionally, it is recommended that each individual partake in several hours
of light physical activities that include standing, in an aim to limit sedentary behaviour. For
example, the guidelines suggested that sedentary behaviour should be limited to 8 hours or less,
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included no more than 3 hours of recreational screen time, and breaking up long periods of sitting
as often as possible (Ross et al., 2020). These guidelines promoted regular physical activity with
the premise of eliciting a number of healthy changes in the aging body. For example, it has been
known for quite some time that endurance training can help maintain and improve various aspects
of the cardiovascular system (i.e., cardiac output, arteriovenous O2 difference, and enhance
submaximal performance (Cavanaugh et al., 1998). Additionally, strength or resistance training
may result in increases in muscle mass and strength, as sarcopenia and muscle loss are common
among older adults (Cavanaugh et al., 1998). Although endurance or strength training can be
performed as a single-intervention, multi-component exercise programs that include balance,
resistance training, and endurance training produce several benefits and seem to be the most
beneficial for older adults. These benefits may include improved mobility, functional exercise
capacity, and health-related quality of life in older adults (Haripriya et al., 2018). Poor health,
disability, and dependency do not have to be inevitable consequences of aging (Cadore et al.,
2013). Therefore, as the proportion of older adults continues to rise, exercise therapy may be an
important means to reduce disability and increase the number of individuals able to live
independently within the community (Kujala, 2009).
A major public health concern in terms of morbidity, mortality, and loss of independence
for older adults has been falling (Perell et al., 2001). Globally, falls are the most common cause
of injury, hospital admissions, and nursing home admissions (Pfortmueler, Linder, &
Exadaktylos, 2014; Rubenstein, 2006). Unintentional injuries (i.e., fall-related injury such as
fractures) are the fifth leading cause of death following cardiovascular disease, cancer, stroke, and
pulmonary disorders (Rubenstein, 2006). The incidence of falls, risk of falls, as well as fallrelated injuries, increases with age (Pfortmueler, Linder, & Exadaktylos, 2014). For example, 2030% of Canadian older adults fall each year (Government of Canada, 2014). However, it is
important to recognize that falls are not an unavoidable consequence of aging (Moncada, L.V.V,
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2011). Exercise can be used as an effective intervention in the prevention of falls among older
adults, which typically includes balance training. To optimize functional capacity among older
adults, particularly for individuals at an increased risk for falling, training programs should
include exercises that mimic ADLs (Cadore et al., 2013). A considerable amount of research has
focused on lower limb impairments such as muscle weakness, gait disorders, and balance
impairments, as they are typically associated with falls among older adults. In comparison to the
lower limb, the upper limb motions can commonly be seen after a ‘slip’ starts, and thus play an
instrumental role in the occurrence of a fall (Kim, 2012). Arm mechanics play an important role
in the dynamic stability during gait movements such as the ability to maintain balance following a
postural disturbance (Major, 2019). The upper limbs contribute to the capability of recovering
from a loss of balance, or a slip, by bringing the whole-body centre of mass (COM) back to
within normal balance range (Major, 2019). Therefore, individuals with an upper limb
impairment (i.e., weakness, paralysis, prostheses) may be unable to stop the fall from occurring.
In other words, participants may not be able to grab or reach for a nearby ledge, table, or other
aspect of their home or direct physical environment to lessen the effect of the fall.
The relationship between falls and upper limb strength becomes increasingly apparent
among stroke survivors, who often experience upper limb impairments. Upper limb paresis or
impairments affect up to 80% of people with stroke, of whom nearly 70% experience residual
impairments (Harris & Eng, 2007; Hanna et al., 2019). Unfortunately, approximately 40% of
stroke patients with upper limb impairments never fully regain functional use of the upper limb
during daily activities (Parker, Wade, & Langton, 1986). Therefore, individuals post-stroke are
potentially at an increased risk of falling in comparison to the general population (Hanna et al.,
2019). For example, fall rates from the early 2000s were as high as 50% among communitydwelling older adults who suffered a stroke (Hyndman, Ashburn, & Stack, 2002). Furthermore,
stroke survivors who suffered more than one fall had greater mobility deficits, reduced arm
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function, and decreased ADL ability than individuals who reported no falls (Hyndman, Ashburn,
& Stack, 2002). Additionally, in a study assessing fall rates of stroke survivors, it was determined
that community-dwelling stroke survivors fell 1.77 times more than their healthy-counterparts
(Simpson, Miller, & Eng, 2011). However, the majority of studies investigating function and
mobility among stroke survivors, as well as the bulk of fall prevention studies involving physical
activity have focused on the lower limb. Focusing on the uppoer limb in contrast may support
efforts to improve the ability to perform various tasks and activities (e.g., washing dishes).
Although improving the strength and power of the upper limb may not eliminate the risk of
experiencing a fall, these aspects may relate to a reduction in the severity of injury associated
with a fall. Thus, there is needed attention to address a gap in the literature related to examining
the relationship between stroke survivors, upper limb strength, and fall prevention.
Age is also an important risk factor for experiencing a stroke. Each decade following the
age of 55 years, the rate of stroke nearly doubles for both men and women (Michael &
Shaughnessy, 2006; Wolf et al., 1992). Additionally, the functional consequences often
experienced by stroke survivors may be worsened by other age-related changes and chronic
conditions that may be present within this population (Michael & Shaughnessy, 2006; Ly &
Maquet, 2014). However, the most common impairment following a stroke is hemiparesis,
affecting approximately 50% of stroke survivors (LeBrasseur et al., 2006). Although the upper
limbs play a significant role in the performance of ADLs and impairments can compromise
participation in many of these meaningful tasks (Harris & Eng, 2007), until recently, research
regarding stroke survivors has primarily focused on lower-limb impairments. Functional
impairments following a stroke, coupled with stroke-related disability, can pose a major health
threat to independence and QoL. As ADLs are imperative to independent living, especially
among older adults following a stroke, a common intervention focus is functional training
(Duncan et al., 2005; Norris et al., 2013). Therefore, regaining upper-limb function is an
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important rehabilitation goal (Harris & Eng, 2007; Norris et al., 2013). Although rehabilitation
typically begins within the hospital for post-stroke patients, often progress for relearning skills
(i.e., ADLs) and protecting against further health concerns (i.e., injury due to a fall), at-home
programs need to be prescribed and implemented. Especially with the physical distancing
restrictions required due to the 2020 coronavirus pandemic, this study will focus on providing an
at-home, video-based, upper limb rehabilitation program for community dwelling older adults
post-discharge from the hospital after a stroke.

1.1 Research Question
1.1.1 Central Question
Does a 12-week, virtual, at-home upper limb training program for community-dwelling
older adults post-stroke have an effect on falls self-efficacy and physical functioning?
1.1.2 Sub-Question
What are the perceptions of older adults’ overall experience of engaging in an at-home
virtual exercise program?
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Methods
Participants
All participants were recruited via the March of Dimes Canada via the Recruitment
Poster (Appendix A) using social media and e-mail. Additionally, the study information was
posted to the Heart and Stroke Foundation research website and sent to members via newsletters.
To be eligible for this study, potential participations were required to meet the following
inclusion criteria; (1) lived in a community-dwelling in which one other person lives; (2) had
access to a computer and the internet at home; (3) had eye-sight and cognitive ability to follow
exercise instructions; and (4) has an upper limb impairment (i.e., impairments of body function
such as significant deviation or loss in neuromusculoskeletal and movement related function to
joint mobility, muscle power, muscle tone, and/or involuntary movements) (Geyh et al., 2004).
Although individuals of any age may experience a stroke (or cardiovascular accident), the study
aimed to focus to the older adult population. The primary goal was to recruit individuals 65 years
of age and older. However, to broaden the scope of the participant capture, participants 50 years
of age and older were included. Participants were excluded if they were not fluent in English;
were younger than 50 years of age; and if they did not live with at least one other individual.
Individuals of any and all gender identities and ethnicities were welcome to participate in this
study.
The study was designed to be a pilot as the included training program had yet to be
tested. When conducting a pilot study regarding a virtual reality exergame system aimed to
supplement upper limb rehabilitation for patients’ post-stroke, a Canadian study originally had 23
individuals consent with five of them not completing the study (Norouzi-Gheidari et al., 2020).
Thus, this study aimed to recruit 25 participants.
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Setting
The basis of the intervention was to complete online training sessions on a computer with
internet access, using the platform ‘YouTube’ (youtube.com). Thus, the setting of the study was
the “at-home” community-dwelling of each participant. This was in part necessarily due to the
coronavirus (Covid-19) pandemic. Since March 2020, Canadians living in Southwestern Ontario
have been experiencing different phases of social distancing in order to decrease the potential
spread of Covid-19. The potential participant pool for this study were individuals at increased risk
for adverse complications (i.e., further morbidity or mortality) as a result of frailty, chronic
illness, and multi-comorbidity. Thus, the combination of reduced mobility typically observed
following a stroke among the older adult population with the restrictions associated with Covid19, it became imperative that the interactions of this study were primarily virtual in nature,
allowing participants to engage with the study from the parameters of their own home.
Additionally, to sustain and improve upon the progress made post-stroke in hospital settings,
there is a need for more research investigating at-home programs.
Outcome measures - Instruments
Prior to beginning the 12-week upper limb, virtual, at-home exercise intervention,
participants were invited to complete the Falls Efficacy Scale-International (FES-I) and the
Stroke Impact Scale (SIS). This allowed for baseline measures to be collected and compared as
these questionnaires were also completed at 10 weeks and 12 weeks. These instruments obtained
scores related to falls self-efficacy, stroke-related disability, and quality of life (QoL).
Falls Efficacy Scale-International (FES-I)
The Falls Efficacy Scale-International (FES-I) is a self-report questionnaire that
measured an individual’s level of concern regarding fear of falling while performing many ADLs
(Appendix B). Furthermore, the FES-I was designed mainly to be used with older adults who are
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community-dwelling. Although typically administered via pen-and-paper, the FES-I was
administered virtually without cost for use. In addition to the ease of use, the FES-I has been
considered advantageous as it addresses more concerns about falling than just the basic activities
presented in the original FES (Greenberg, 2011). Additionally, the FES-I did not require training
to administer, and the questionnaire took approximately five-to-ten minutes to complete. The
FES-I used a 4-point Likert scale (1= not at all concerned, 2= somewhat concerned, 3= fairly
concerned, 4= very concerned) and consisted of 16-items that measure the level of concern during
various social and physical activities inside and outside of the home. Participants were asked
questions verbally and instructed to answer whether they thought they would be concerned about
falling if they performed the listed activity. Examples of some of the items measured on the FESI included: getting in or out of a chair, reaching for something above your head or on the ground,
and going to answer the telephone before it stops ringing. The FES-I had excellent internal
validity (Cronbach’s alpha= 0.96) as well as test-retest reliability (ICC= 0.96) (Greenberg, 2011).
To score the FES-I, overall values across the 16 questions ranged from 16-to-64. Cut-off
scores, specifically for community-dwelling older adults were determined by Delbaere et al.,
2010. They determined the following:
•

Concern about falling is low if scores range from 16-to-19

•

Concern about falling is moderate if scores range from 20-to-27

•

Concern about falling is high if scores range from 28-to-64

Stroke Impact Scale
The Stroke Impact Scale (SIS) Version 3.0 is a stroke-specific, self-report, health status
measure that evaluates disability and health-related quality of life after stroke (Appendix C). The
SIS is a 59-item measure that assessed 8 domains; strength, hand function, ADLs/ IADLs,
mobility, communication, emotion, memory and thinking, participation, and role function
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(Vellone et al., 2015). Each item was measured on a 5-point Likert scale in terms of the difficulty
the patient had experienced in completing the item ranging from 1= could not do it at all to 5= not
difficult at all. Overall, the questionnaire approximately took 15-20 minutes to complete.
Example items assessed on the SIS required participants to rate the strength of the arm that was
most affected by the stroke; rate their ability to concentrate and solve everyday problems; rate the
difficulty of performing light household tasks (i.e., dust, make a bed, take out garbage, do the
dishes); and their ability to stay standing without losing their balance. The SIS Version 3.0
showed good test-retest reliability (ICC= .79 for global stroke recovery, and .98 for cognitive
factor) (Vellone et al., 2015). It also showed excellent interrater reliability for hand function
(ICC= 0.82) and mobility, adequate interrater reliability for strength (ICC= 0.61), ADL/IADL
(ICC= 0.74), and memory and thinking (ICC= 0.43) domains (Carod-Artal et al., 2008).
However, it showed poor interrater reliability for communication (ICC= 0.39), emotion (ICC=
0.17), and social participation (ICC= 0.29) domains (Carod-Artal et al., 2008). The SIS 3.0 also
showed excellent internal consistency ranging from 0.89 for the Emotional factors to 0.98 for the
Physical factor (Vellone et al., 2015). Additionally, the SIS has been determined to be valid even
when administered via the telephone (Kwon et al., 2006).
For the purpose of this study, an adapted version of the SIS was used. The four of the
physical domains from the larger SIS instrument (i.e., strength, hand function, mobility, and
ADLs/IADLs) were used as the SIS-16, a 16-item scale. The SIS-16 focused the domains being
evaluated and reduced the amount of time to complete (estimated 5-10 minutes). As the current
study was being completed in the style of a virtual interview rather than a pen-and-paper format,
the SIS-16 was assumed to reduce participant fatigue. Furthermore, the SIS-16 afforded the
option of creating a physical dimension score. The SIS-16 had been investigated to determine the
tool had good instrument reliability and concurrent validity (Duncan et al., 2003). Additionally,
the SIS-16 was found to be a superlative instrument for investigating stroke-related impairments
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over time (Duncan et al., 2003). In the original SIS 3.0, the physical domains (i.e., strength, hand
function, mobility, and ADLs) would be combined into one physical score. However, the SIS-16
was scored by three domains (i.e., hand function, mobility, and ADLs), weighted from 0-100.
Exercise Videos
The 12-week upper limb, virtual, at-home exercise intervention (discussed in greater
detail below), consisted of YouTube videos that involved three levels of difficulty: light exercises
for limited mobility, moderate difficulty-level exercises, and finally difficult-exercises. The
participants were also encouraged to perform a warm-up and cool-down prior to and upon
completion of the exercise videos. Exercises included were developed using evidence-based tasks
from peer-reviewed literature. Additionally, the exercises in the videos primarily focused on
hand-grip strength, elbow-flexion strength, and range of motion.
Limited Mobility Exercise Videos – Light Exercises
Straight Push
For this arm exercise, the participant was instructed to start at a seated table with a water
bottle (or similar object) in front of them. Next, they were asked to interlock their fingers and rest
their forearms on the table, pushing an empty bottle across the table by gliding their arms across
the table. As the exercise became easier, participants were encouraged fill the bottle with water to
add resistance and make the exercise more challenging. During this exercise, participants were
asked to avoid hiking their shoulder to stretch the upper back and slowly move their arms back
until they were sitting upright again. During the video, participants were instructed to complete
10 straight pushes for a total of three sets. Note: as these were videos, the participant was able to
view an individual performing the activity for them to mimic, similar to taking an in-person
exercise class or rehabilitation session. This holds true for all of the exercise videos.
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a)

b)

Figure 1: Straight Push a) with the arms and object close to the body; and b) with the arms and
object pushed away from the body

Circle Movement
Similar to the straight push exercise, participants were asked to lace their fingers
together, wrapping both hands around an empty water bottle, making large circular motions with
their arms. As the participant moved their arms around, they were instructed to focus on
stretching their affected arm. While one arm was being stretched, the other was more relaxed.
Therefore, participants were instructed to perform the exercise stretching both arms (i.e., if the
participant performs 10 circles to the right, they should repeat the exercise on the left). For a
simpler, modified version, participants could also perform this using a towel or perform the
exercise in smaller circles. For a more challenging exercise, participants could fill the bottle with
water to add resistance and weight to the exercise.

Figure 2: Circle Movement a) illustrating the starting position, b) & c) illustrating the circular
movements, and d) illustrating the finishing position
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Towel Slide
For this exercise, participants needed a towel and a flat surface (e.g., dining room table).
Participants were instructed to fold or spread the towel immediately in front of them, placing their
affected arm on the towel and the unaffected arm directly on top. They were asked to apply
pressure, keeping the hands together and slide the towel towards the middle of the table. As their
hands move forward, it allowed their shoulder muscles to stretch and strengthen. If the participant
felt comfortable enough to lean forward with the upper body, they were instructed to do so to
slide the towel farther forward. This allowed participants to stretch their shoulder muscles and
improve range of motion. During the video, participants were instructed to complete 10
movements for a total of three sets.

Figure 3: Towel Slide a) with the arms and towel close to the body; and b) with the arms and
towel pushed away from the body

Cup Grip
Participants were instructed to place their hands around a cup (e.g., glass, or mug with no
handle – the cup needed to be sturdy enough to not buckle under pressure, for example a
Styrofoam cup). They were instructed to simply hold the cup (i.e., grip the cup with pressure) for
30 seconds without lifting it. Then, they could let go and open the hand. The aim of this exercise
was to improve the participants hand grip strength. If the cup was too small for the participant to
grasp, they could use a larger cup or a small box. As they progressed through the exercise, the
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participant could pick the cup up, hold for 30 seconds, and put it back down. They could also use
different objects such as a can, a ball, or blocks. During the video, participants were instructed to
complete five sets of 30 second intervals.

Figure 4: Cup Grip

Moderate Mobility Exercise Videos
Punching Movement
Participants were instructed to place their forearms on a table or flat surface, keeping
their hands in a fist. With a water bottle placed directly in front of them, participants were
instructed to slide their arm forward to ‘punch’ the water bottle slowly without knocking it off of
the table, then pulling the arm back towards them, working comfortably within their range of
motion. The goal of this exercise was to mimic the movement of a punch, sliding the arm forward
without elevating the shoulder and not to actually punch the water bottle. During the video,
participants were encouraged to repeat this exercise 10 times on each arm, for three sets.
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Figure 5: Punching Movement a) pre-punch, b) punching action

Pushing Movement
Participants were instructed to place an empty water bottle on the left side of the table,
within their range of motion. To perform this exercise, participants hooked their wrist on the
outside of the bottle, using their forearm to push the bottle across the table. After one repetition,
participants repeated the task using the opposite wrist to push the water bottle back to the other
side of the table. Participants could fill the bottle with water to add resistance to increase the
difficulty of the exercise. The goal was to complete the movement without moving the body to
the best of their ability. During the video, participants were encouraged to repeat this exercise 10
times with each arm in total for three sets.

Figure 6: Pushing Movement where a) & b) illustrate the hooking motion with the left arm and c)
& d) illustrate the movement with the right arm

Unweighted Bicep Curls
For this exercise, participants did not require any weights or dumbbells. Participants were
instructed to begin with their elbow on a table with their arm bent at 90 degrees. Then, they were
to curl their arm up a little and release it back down. Since the focus was on regaining arm
movements, the upward motion should have engaged the bicep and the downward motion
engaged the triceps. Participants were encouraged to increase their range of motion and make
slightly bigger movements each time, completing 10 curls with each arm for a total of three sets.
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Figure 7: Unweighted Bicep Curls a) & b) with the left arm and c) & d) with the right arm

Umbrella Slide
For this exercise, participants needed a cane, lightweight umbrella, or a towel.
Participants were instructed to remain seated and hold the cane with both hands in front of their
body, with their arms bent at 90 degrees. Next, participants pushed the cane outward to the left
and right, without dropping their arms (the 90-degree angle remains consistent). This allowed
participants to improve their ability to perform external rotations with their shoulders. During the
video, participants were encouraged to complete 10 rotations on each side for a total of three sets.

Figure 8: External Rotation with the umbrella held a) in the centre, b) to the rigth, c) to the left

Difficult Mobility Exercise Videos
Weighted Bicep Curls
This exercise was performed in the same fashion as the unweighted bicep curls.
Participants required a water bottle, a soup can, or a light weight (i.e., a weight light enough to
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perform 10 repetitions without pain or difficulty). Holding the weight in the affected hand,
participants were instructed to keep their elbow ‘glued’ to the side of their body, bringing the
bottle up to the shoulder. Participants were instructed to complete 10 curls and repeat on the
opposite arm for a total of three sets. They could start with the water bottle being empty, and if
they felt comfortable to challenge themselves further, they could add water to the canister.

Figure 9: Weighted Bicep Curl a) & b) with the right arm and c) & d) with the left arm

Open Arm Movement
From a seated position, participants were instructed to hold an empty water bottle in each
hand. Then, with their arms bent at 90 degrees, they opened their arms up so that their forearms
came out to the side. Participants were instructed to keep their arms pinned to their sides as best
they can, focused on squeezing their shoulder blades together. Then, participants would move the
arms back to the centre. To increase the difficulty of the exercise, participants could fill the
bottles with water to challenge themselves further. During the video, participants were
encouraged to repeat this exercise 10 times for a total of three sets.

Figure 10: Open Arm Movement with a) arms at centre, and b) arms open
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Side Arm Raise
This exercise targeted the hand, arms, and shoulders. Participants were instructed to sit on
the edge of a chair, couch, or bed, holding an empty bottle in the affected hand (note: if the water
bottle was too heavy, they could perform this exercise with no weight). Next, participants raised
their arm out to the side, lifting the water bottle while keeping the arm straight and lowering it
back down. This exercise was to be performed slowly and controlled, without letting the shoulder
hike up. If the participants found the exercise too easy, they could fill the bottle with water to add
weight to the bottle. Repeat on the opposite arm, performing 5 repetitions on each arm.

Figure 11: Side Arm Raise with a) left arm down, b) left arm to the side, c) right arm down, and
d) right arm to the side

Cup Pass
Participants were instructed to stand in front of a table or sit on a stool or backless chair,
with their gaze looking forward throughout the exercise. For this exercise, participants needed a
stack of cups on the table (i.e., 5 cups). Participants were to begin by grabbing the first cup from
the stack and pass the cup behind their neck, using the opposite hand to grab the cup and set it
back down on the opposite side of the table. Participants were to continue until the stack of cups
sat on the opposite side of their body and then repeat, starting with the opposite arm. Participants
were to perform 5 movements with each arm, for a total of three sets. If passing the cup behind
the neck was too difficult, the participant could also pass the cup behind the waist.
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Figure 12: Cup Pass a) pick up the cup, b) pass the cup to the other hand, c) place the cup back on
the table

Procedure
Initial Meeting with Researcher
During an initial phone call or video conference, the student researcher introduced
herself, reconfirmed interest in participating, reviewed inclusion and exclusion criteria, emailed a
copy of the consent form, and set up another call to review the consent form, record consent,
collect demographic information (Appendix D), complete initial questionnaires, and provide links
to ensure there were no issues with accessing/watching the YouTube videos.

Second Meeting with Researcher
At the start of the virtual interaction being recorded, the researcher stated the date and
asked the participant to confirm their consent for the record. Then the researcher began verbally
asking the items from each of the questionnaires. Demographic information such as age, gender
identity, ethnicity, marital status, education, employment, and location was collected first. Next,
the participants completed the Falls Efficacy Scale-International (FES-I) and the Stroke Impact
Scale-16 (SIS-16) for baseline data. This meeting also included an introduction to the
intervention, including a short YouTube tutorial regarding the channel, exercise playlists, and
videos. Following the meeting, participants also received an information package (via email) that
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included a description of each exercise video and the varying levels of difficulty, a list of exercise
tools that was used during the videos, a weekly calendar log to recall the exercises performed, and
a copy of the Borg CR-10 (for ratings of perceived exertion). Participants were instructed on how
to use the Borg CR-10 following an exercise bout and were encouraged to record their level of
effort following exercise. The Borg CR-10 data was strictly used to determine when or if any
modifications were needed, or when participants could increase the difficulty of their tasks.
Other Points of Contact: 10-week and 12-week Meeting with Researcher
Participants received weekly phone calls from the researcher to review exercise logs, to
gauge the experience of virtual exercise, and to promote adherence to the program. The
researcher also sent a weekly email reminding and motivating participants about the training
program. At 10 weeks and 12 weeks, participants once again completed the FES-I and the SIS-16.
The purpose of completing these questionnaires at 10 and 12 weeks was to investigate whether
there was a change in measurements at both time periods. In previous fall prevention literature,
12-week interventions consistently demonstrated improvements for fall-related measures.
However, the findings were inconsistent for 10-week interventions, which is why participants
were asked to complete the questionnaire at 10 and 12 weeks.
Intervention
Following all initial meetings, participants completed 12-weeks of upper limb, virtual, athome exercise training. Participants performed exercises at their own pace and were encouraged
to increase their level of difficulty using the Borg CR-10. Participants used the Borg CR-10
(Appendix E) as a guideline to progress themselves through the varying levels of difficulty,
beginning with limited mobility exercise videos. In comparison to the Borg Rating of Perceived
Exertion that ranged from 6-to-20, the Borg CR-10 ranged from 0-to-10 (Borg, 1998). This tool
was used as a general measure of intensity with special anchors to measure pain and exertion
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(Borg, 1998). The scoring was simple, and participants were asked to rate their exertion (or
‘breathlessness’) while performing the activity on the scale from 0 (no exertion at all) to 10
(maximal) (Borg, 1998). Participants were able to use this scale to track their efforts and
progression throughout the course of the intervention. For example, if the participant was rating
their exercise on the higher end of the scale (i.e., maximal) than the level of difficulty was too
difficult, and they reverted back to the previous level.
Since participants were continuing regular rehabilitation and other exercise classes in
addition to this exercise intervention, an example 12-week program was created for the
participants to follow (Appendix F). Participants were encouraged to perform exercise in bouts of
10 minutes or more, equivalent to two-to-three exercise videos per session, including a warm-up
and cool-down located on the YouTube channel. However, the participants were able to selfchoose to perform more exercises, or progress to the next level of difficulty.
Participants began with limited mobility exercises, which focused on range of motion,
flexibility, and movement of the upper arms. Exercises included in this exercise ‘playlist’
included the straight push, circle movement, towel slide, and cup grip. These exercises began to
incorporate range of motion with weights. Household items such as water bottles, towels, or soup
cans can be used. As their strength improved and the exercise videos became easier, participants
progressed to more difficult mobility exercises. As participants progressed to more challenging
exercises the aim was to continue improving their strength and range of motion. Furthermore,
participants were provided with a checklist (Appendix G) where they could track their exercise,
which would help with recall later on.
Each week, participants completed a video conference interview as a ‘check-in’. The
interview consisted of questions for researchers to get an idea of how much exercise was
allocated to the upper limb program compared with other exercise rehabilitation programs or
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other forms of exercise performed throughout the week. Moreover, the purpose of the weekly
interview questions was to gauge the experience of the exercise program from the perspective of
the participants. Questions included; (a) tell me about your experiences this week with the video
exercises; (b) how many days did you participate in exercise this week?; (c) how many hours did
you participate in exercise this week?; (d) how many hours did you participate in exercise outside
of the upper limb program?; (e) how many minutes were allocated to the upper limb training?;
and, (f) which videos did you perform?. Lastly, participants were asked if for any feedback
regarding the videos, program, and setup of the intervention.
Following the 12-week upper limb, virtual, at-home exercise intervention, participants
continued access to the YouTube videos, providing them the opportunity to continue through the
exercise program (without researcher interaction) if they desired.

Figure 13. A visual timeline of the study procedures

Statistical Analysis
The one intention of this study was to determine whether there were any differences in
the FES-I and SIS-16 scores throughout the 12-week upper limb, virtual, at-home exercise
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intervention. As noted, data was collected at three time points: baseline, 10-week, and 12-week.
With the intent of examining differences over time across one group, the data collected for the
FES-I was analyzed through a within-subjects repeated measures analysis of variance (ANOVA).
Following the 12-week upper limb, virtual at-home exercise intervention, participants had one
score for each time point for the FES-I. In comparison, the SIS-16 provided three domain scores
(i.e., ADLs, mobility, hand function) for each time point; baseline, 10-week, and 12-week.
Therefore, the data for the SIS-16 was analyzed through a repeated measures multiple analysis of
variance (MANOVA). In the case of statistically significant differences, post hoc testing was
executed. All quantitative statistical analyses were conducted using SPSS (version 27).
All of the weekly meetings were recorded and transcribed verbatim. Two researchers
individually analyzed the data via a line-by-line content analysis. During the inductive coding, the
researchers were examining the data for the presence of any themes or common concepts that
emerged. As the intervention spanned 12 weeks, (12 weeks x 8 participants = 96 transcripts) the
data were separated into three blocks: 0-4 weeks; 5-8 weeks; and, 9-12weeks. This blocked
approach was used to facilitate an organized and less overwhelming coding experience, as well as
afforded the opportunity to observe if there were any additional trends that were emerging as a
result of the progression through the program. Throughout the coding process there were several
research team meetings that included a third impartial researcher to discuss the emerging trends
and patterns, negotiate any discrepancies in codes, and to decide upon a truncated list of codes
and categories. After a refined coding listed was agreed upon, the transcripts were reviewed again
to determine if any data needed to be recoded. The research team also met to make inferences
about the data, in particular interpretations related to further understanding the experiences of the
participants with the training program with respect to their progress but also with the intention of
improving the intervention as this was a pilot study.
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Results
Although the original aim was to recruit 25 individuals, this aim was not feasible due to
extraneous circumstances, in part due to the COVID-19 pandemic. Twelve individuals
volunteered to participate in this study. A total of seven older adults completed all 12 weeks of
the intervention, and an additional one participant completed 11 weeks. One participant was
unable to complete the final week of the program due to personal reasons. Four participants
withdrew from the program due to a lack of time, lack of interest in the program, and the
perceived difficulty of the exercises. Participants who completed the program ranged in age from
56-to-82 years (Table 1.0). Five out of the eight participants who completed the study had an
ischemic stroke, two participants had a hemorrhagic stroke, and one participant was unsure. Since
the study focused on the upper limbs, eligibility criteria included the participants to have an upper
limb impairment. Six participants had an upper limb impairment on the left side of their body,
and two participants on the right. Additionally, six participants stated that their most recent stroke
was their first, one participant reported that they had suffered two strokes, and one was unsure.
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Table 1.0 Participant demographics
Participant
Information
Age (yrs)
Gender

Jenna

Rainn

Angela

Brian

Mindy

Kate

Ellie

Steve

64
Femal
e
I

67
Male

64
Female

75
Male

56
Female

82
Female

68
Female

64
Male

Type of
I
H
U
I
I
H
I
Stroke
Time since
<1
4
4
1
11
8
3
12
stroke (yrs)
Upper Limb Right
Left
Left
Left
Left
Left
Left
Right
Impairment
Pre-Stroke
3 or
3 or
2-to-3
1-to-2
3 or
3 or
3 or
2-to-3
Exercise
more
more
more
more
more
(days/week)
Post-Stroke
3 or
3 or
3 or
3 or
3 or
3 or
1-to-2
3 or
Exercise
more
more
more
more
more
more
more
(days/week)
Highest
Colleg College College U-Grad U-Bach
High
College U-Pro
Level of
e
School
Education
Marital
M
M
M
M
M
W
M
M
Status
Note: Type of Stroke: H = hemorrhagic; I = ischemic; U = unknown. Highest Level of Education:
U-Grad = University (Graduate); U-Bach = University (Bachelors); U-Pro = University
(Professional). Marital Status: M = married; W = widower

Falls Efficacy Scale-International (FES-I)
Participant’s falls self-efficacy was measured at three time points (baseline, week 10, and
week 12) using the Falls Efficacy Scale-International (FES-I). In general, the mean FES-I scores
improved throughout the 12-week upper limb, virtual, at-home exercise intervention, where a
lower score was an improvement: baseline x̄= 37.28; week 10 x̄ = 35.86; and, week 12 x̄ = 33.28.
However, after conducting the repeated measures ANOVA analyses, there were no observed
statistically significant differences between time points, F(2,12) = 1.464, p= .270. Therefore, no
post hoc testing was completed.
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Stroke Impact Scale-16 (SIS-16)
The Stroke Impact Scale-16 (SIS-16) was also completed by participants at three time
points (baseline, week 10, week 12) during the 12-week upper limb, virtual, at-home exercise
intervention. The SIS-16 was used to collect data on three domains measured within the
questionnaire; activities of daily living (ADLs), hand function, and mobility. A 3 (baseline, week
10, week 12) x 3 (ADLs, hand function, mobility) repeated measures MANOVA analysis was
conducted and the data presented with three outliers; one at week 10 and one at week 12 for the
ADLs domain and two at week 10 for hand function. However, the data met all other
assumptions. The outliers were left in the data for three reasons; (1) once the outliers were
removed, the data no longer met the assumptions necessary to perform the statistical analysis,
specifically for the hand function domain; (2) all the other assumptions necessary to perform the
analysis were met (i.e., normality, correlation) with the outliers included; and (3) the hand
function domain was measured on a scale ranging with scores ranging from 0, 25.0, 50.0, 75.0,
and 100.0, therefore, the responses were skewed, potentially explaining the presence of outliers.
The 12-week upper limb, virtual, at-home exercise intervention did not have a statistically
significant effect on SIS-16 domains, F(6,22)= 1.276, p= .309. Although not statistically
significant, it was noted that the mean SIS-16 scores on all three domains improved throughout
the 12-week upper limb, virtual, at-home exercise intervention (where a higher score was an
improvement): baseline ADLs x̄ = 68.75, week 12 ADLs x̄ = 77.23; baseline hand function x̄ =
21.43, week 12 hand function x̄ = 32.14; baseline mobility x̄ =62.65, week 12 mobility x̄ = 69.90.
As noted for both the FES-I and SIS-16 scores, there was an observable improvement
from baseline to the end of the 12-week upper limb, virtual, at-home exercise intervention.
Although the quantitative analyses failed to yield statistically significant results, a content
analysis of the weekly meetings with participants provided additional insight from the voices of
the participants. Information pertaining to the progress that participants made (or passage of
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time), reflections of their interactions with the researcher and aspects of the program, as well as
recommendations for future at-home programs targeting upper limbs for older adults’ post-stroke
emerged as the predominant themes.
Passage of Time (Progress Made)
Stroke can affect virtually all functions; gross and fine motor ability, ambulation,
capacity to carry out basic and instrumental ADLs, mood, speech, perception, and cognition
(Mayo et al., 1999; Donkor, 2018). Stroke rehabilitation typically begins while the individual is in
acute hospitalization as soon as a stroke diagnosis is established (Micheal & Shaughnessy, 2006;
Langhorne, Bernhardt, & Kwakkel, 2011). The highest priorities during the early stages of
rehabilitation are to prevent recurrent stroke and complications, manage health issues, and to
promote mobility and ADLs (Micheal & Shaughnessy 2006; Duncan et al., 2005; Langhorne,
Bernhardt, & Kwakkel, 2011). Following the acute phase, the focus shifts to the assessment and
recovery of any physical and cognitive deficits (Duncan et al., 2005). Although recovery is
critical during the first three-to-six months, stroke survivors can continue to benefit from
rehabilitation interventions that focus on ADLs and quality of life (Mayo et al., 1999; Langhorne,
Bernhardt, & Kwakkel, 2011), such as the 12-week upper limb, virtual, at-home exercise
intervention in this study. Although the program was primarily ‘physical’ in nature, participants
also showed changes in cognition and mood. The perspectives of the participants also spoke to
the clinically significant results that they were experiencing despite the lack of previously
mentioned statistical significance.
Physical Progress
The International Council on Active Aging’s Continuum of physical function highlights
different stages of physical function ranging from ‘athlete’ (i.e., exercises or participates in sport
activity almost every day or works at a physically demanding job) to ‘needs on-going assistance’
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(i.e., does not engage in physical activity; ICAA, n.d.). For the 12-week upper limb, virtual, athome exercise intervention in the current study, participants began the program with a range of
different functional abilities. Overall, participants in this program aligned with the ‘needs a little
help’ or ‘needs on going assistance’ end of the continuum; meaning they should focus their goals
to improve ability to perform ADLs or on movements that help maintain or improve physical
function (ICAA, n.d.). Throughout the program, participants made progress at their own pace,
depending on their physical abilities and limitations. The journeys of a few participants, Jenna (f,
64 years), Angela (f, 64 years), Brian (m, 75 years), and Kate (f, 82 years), are presented as minicase studies that illustrate their physical progress.
Jenna’s Progress: “From Nothing to Something”
At the beginning of the program, Jenna (f, 64 years) mentioned that her main goal was a
neurological aspect – to work on the connection between her brain and her arm. Less than oneyear post-stroke, Jenna’s physical impairments were more severe than some other participants.
She still required some assistance performing ADLs and her mobility was limited. After trying
the videos for one week, she reported:
“[The] exercises were great, I still don’t have any connection between the arm and the
hand. Grasping and spreading my fingers is still hard to do, even with the Botox.”
Although she reported some difficulty with grasping household objects (i.e., water
bottle), she was determined to make something work. Jenna began using a smaller object (i.e.,
empty pill bottle) to perform the exercises as it was easier for her to grab. She also began with the
limited mobility videos, and after the second week she reported difficulty with the exercise
‘Circle Movement’:
“The circle movement… the one day I couldn’t even stretch my arm out, that was the
frustration. I know what you wanted and my body wasn’t doing it”.
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Although she was finding the tasks challenging, Jenna (f, 64 years) reported a new
sensation while performing the exercises:
“I know the back of my arm is firing a bit but I can’t keep the movement going. But I went
from nothing to something”.
She also reported that completing all 10 repetitions can sometimes be ‘too much’.
Therefore, her program was tailored to include fewer repetitions or takes breaks more frequently.
During the third week, Jenna (f, 64 years) expanded on the new sensation, calling it ‘blood
rushing’ while performing the exercises:
“No movement in my arm yet but I get lots of… I would call it blood rushing, but I feel
when I have really worked on the exercises, it feels different in the top of my arm, so I am
hoping there is a small sliver of hope there is a connection forming there”.
As she began to complete one of the moderate-mobility exercises, on the sixth week,
Jenna (f, 64 years) recognized she was making progress but still experienced challenges:
“I was able to do the pushing movement from the moderate so I have progressed. The
difficulty is if I didn’t have my other hand to push it back, it wouldn’t happen. So, you
know, thank heavens the other hand is pushing it back so I’m doing that part of it”.
In this quote, she explained how she was able to push the bottle across the table, but
needed to use her unaffected arm to bring it back to the ‘starting position’. Although this was the
most challenging exercise she had performed yet, she was excited about her progress:
“I’m moving ahead at least. I was excited that I could progress onto that movement”.
While moving onto one of the moderate-mobility videos, she continued to work on the
limited-mobility exercises, even discussing how the circle movement had gotten easier:

30

“The limited mobility videos I can do very efficiently, even the circle movement, though I
do have some trouble with tone on the third set”.
During the last four weeks of the program, Jenna (f, 64 years) continued to work on the
limited and moderate-level exercises. Although she felt as if her progress was at a plateau during
these last few weeks, she shared some experiences and found solutions to help make some of the
exercises easier. For example, during the umbrella slide exercise, she was able to adapt the
exercise by holding onto the handle of her cane rather than the cane itself. Prior to this, she stated
that she was only able to get four or five repetitions in before her hand would fall off of the cane.
Additionally, upon completion of the program, she stated that the limited mobility exercises
became very easy to perform. Overall, Jenna’s (f, 64 years) progress highlights the differing
needs of stroke survivors, and that programs need to allow for varying levels of ability from the
onset.
Angela’s Progress: “Persistence Pays Off”
Although Angela (f, 64 years) also reflected upon the neurological and physiological
progression throughout the program, her story represents how some participants needed to accept
that they were not as strong, nor as able as anticipated, but with time and effort they could
improve to align with their expectations. After the first week, Angela (f, 64 years) shared that
even beginning with the limited mobility videos, which consisted of four different exercises, she
experienced progress with her movements:
“The first day my fingers were sore from grasping the water bottle, but after the second
day I could tell they relaxed if I kept the exercises up”.
Although she reported some soreness in her hands and fingers following her first session,
she was able to push through and continue performing exercises throughout the week. By the
second week, she continued with the limited mobility videos, but she reported that even though
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she was not expecting to still be at the beginning levels of the program, that she was able to
recognize that they were important as she experienced new feelings in her muscles:
“I stuck with the limited mobility videos. I find those very helpful for me. I can feel the
muscles in the back of my arm working, sometimes it is painful when it is moving, but I
am more aware of it now”.
After only two weeks of performing the exercises, Angela (f, 64 years) reported one of
the benefits of the program was becoming more aware of her affected arm, even if that was
through the sensation of pain. She continued to work on the limited mobility videos for several
weeks. Approximately six weeks into the program, Angela (f, 64 years) began incorporating the
moderate-level exercises, at times with modifications. She reported some challenges regarding
these exercises, explaining that the Botox in her fingers made it difficult to grasp her walking
pole in her hand to perform the umbrella slide exercise. Angela (f, 64 years) was motivated to
complete the moderate-level exercises and wanted to continue to challenge are mobility.
“I think it’s being worked because I can feel tiredness in the muscles. I feel mostly in the
shoulder, here also [bicep area] and also in the pecs”.
For Angela (f, 64 years), feeling muscular fatigue confirmed that the exercises, and that
she herself, were working. At the beginning of the program, she was shocked to have to start with
the limited mobility exercises even four years post-stroke. Nonetheless, even when the moderatelevel exercises became a little easier, Angela (f, 64 years) felt additional practice was needed to
build her confidence and competence with the movement and in particular the weighted objects,
before progressing to the next level. During week ten, she attempted to try the bicep curl with a
weighted object, and explained how adding some water to a bottle was enough to challenge her
abilities:
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“I tried using the weight. I have this skinny water bottle and I tried putting some water
which will give it more weight but I still struggle with it. The bicep curl, when it’s empty
it’s okay, but with water I struggled”.
Although she found the weight difficult, after discussing it with the researcher she
planned to continue the exercise with the water bottle empty, and even planned to try it with the
bottle half-full. Throughout the program, Angela (f, 64 years) remained motivated and
determined to work on the exercises despite her shock at lacking the ability to progress to the
difficult exercises. Although she faced several barriers (i.e., spasticity, stiffness) she expressed
how she would continue to work on the exercises following completion of the program, with a
goal to eventually reach the difficult-level exercises.
Brian’s Progress: “Building the Routine of Exercise”
For Brian (m, 75 years), he measured his success in the program based on how much
difficulty he was able to perform. However, even on some of the easier exercises, Brain (m, 75
years) was able to recognize that they still took effort despite not recognizing them in the
moment. By the second week of the intervention, Brian (m, 75 years) already progressed onto the
moderate exercise videos. When commenting on the difficulty of these exercises, Brian (m, 75
years) stated:
“The umbrella slide I didn’t find incredibly difficult, but I was surprised how much I
could feel it in my shoulder after”.
Although Brian (m, 75 years) did not necessarily notice the demand these exercises were
placing on his body, he was able to recognize the effort he performed afterwards. During the third
week, Brian (m, 75 years) focused on the moderate and difficult exercises and mentioned that the
weighted bicep curl, one of the difficult-level videos, was the one he had the most difficulty with.
Brian (m, 75 years) said:
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“I feel my muscles have been worked particularly with the difficult ones where there is a
weight involved”.
Following week five, he expanded on this statement, describing the open arm movement
and the weighted bicep curl as the most difficult exercises. When Brian (m, 75 years) began to
incorporate a 5lb weight into these exercises, he felt as if he was pushing it, and would switch
back to using a water bottle when needed.
“I just don’t have the same tone in my muscles, so what I think it is, is just a weakness.
It’s a good exercise don’t get me wrong, but in terms of difficulty, they are the hardest”.
Throughout the following weeks, Brian (m, 75 years) was determined to continue
working on the exercises with various weights on the difficult-level exercises. Brian (m, 75 years)
would begin the exercise with the 5lb weight and switch to a 2lb weight when the 5lb became too
much. By week seven, he had stopped working on the lighter exercises and was able to report that
he could complete two-to-three sets with the 5lb weight. Brian (m, 75 years) continued to work
on the difficult-level exercises, and during week ten, when asked if he was still using the 2lb
weight, he reported:
“The third set is still difficult, but I have pushed to get through it more. That’s what I did
if it was just too much but most of the time I didn’t. I’m working hard at it”.
Determined to focus on the 5lb weight, by the end of the program he described the
exercises, in particular the bicep curl, as a challenge:
“It’s still a challenge but it’s not an exhausting challenge. It’s still work at the end but
hopefully with time it will just keep on building”.
During the last few weeks of the program, building strength became a main goal for
Brian (m, 75 years) and he reported that he would continue to work on these exercises in the
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future. Performing these exercises and setting goals gave Brian (m, 75 years) a sense of purpose
and achievement.
Kate’s Progress: “The Perfect Ponytail”
Each individual will have their own reasons and motivations for engaging in an exercise
rehabilitation program after experiencing a stroke. For Kate (f, 82 years), her main goal from this
program was to improve the mobility in her arm so she could do her hair. She was able to
recognize the benefit of certain exercises early on. To begin the program, Kate (f, 82 years)
immediately gravitated towards the difficult-level exercises, specifically the cup pass video, as it
mimics the movement to putting your hair in a ponytail. She stated:
“The cup pass one I find very difficult, I wasn’t sure if I was doing it right, because it
does take a little more work for my arm. But I want to keep doing this one for my hair, so
it’s a good movement for that”.
Although the exercises posed a challenge, she continued to work on them during the
second week, reporting the cup pass and umbrella slide exercises as the most difficult. During
week three, she reported some pain in her shoulder from a previous injury while performing the
cup pass video. However, after discussing this with her physiotherapist, she began trying fewer
reps and performing the exercise less frequently. Kate (f, 82 years) added:
“I was focusing on that exercise the most, so I was doing it a lot”.
Nevertheless, when asked how the exercises were going for the week Kate (f, 82 years)
stated:
“I can feel it’s working my arms and that’s what I’m interested in. Even on the straight
push, it doesn’t seem hard but I can feel my muscles working”
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During the next few weeks, Kate (f, 82 years) performed the cup pass video in small
bouts of five repetitions. However, she continued to perform the exercise multiple times
throughout the course of a day. Kate (f, 82 years) also performed the side arm raise and the
umbrella slide to strengthen her shoulder, and on week six, she began performing these exercises
with a 5lb weight. When shifting her focus to different exercises, she began using new objects to
challenge herself and described them all as ‘really good for what [she] needs’.
Kate (f, 82 years) continued to struggle with the pain in her shoulder. She reported during
week ten that she felt she could be doing much better despite the pain in her shoulder, especially
since she wanted to focus on her shoulder mobility the most. She felt that the pain in her shoulder
impacted her ability to move her upper arm, she stated:
“I’m finding I can hardly lift this hand up how. I can lift it up to here [just behind the
neck] and that’s about it now. I think I could be doing so much better”.
Although a natural consequence of increased exercise and use of muscles includes
discomfort and soreness, the continual pain became concerning. Although maybe not the news
she wanted, Kate (f, 82 years) did receive answers from her doctor about the troubles in her
shoulder:
“[The doctor] said there was arthritis set in and there is a ligament in my neck on the
left-hand side which I’m having the swelling and that. So, I don’t know I know I just have
to learn to live with it”.
Despite this frustrating challenge, she was appreciative that this program was able to help
her work on the mobility in her upper arm and reach her goal of putting her hair in a ponytail.
This goal was frequently discussed during the weekly meetings. During week six Kate (f, 82
years) said:
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“You’ll be happy to know yesterday I put my hair [up] to the side and had no trouble
whatsoever. I thought holy doodle and I’ve got these two mirrors in my bathroom so I
could see that it was just so smooth, so I was really really pleased”.
Furthermore, by the end of the program, Kate (f, 82 years) reported that she was able to
reach her goal of putting her hair in a ponytail:
“Today I’ve got my hair in a high ponytail. I really have to pull it with my good arm but
my [affected] arm is just this much away. But, I can do it now and I couldn’t do it when I
started”.
Although Kate (f, 82 years) was focused on her goal of putting her hair in a ponytail,
achieving this goal indicated the change in her shoulder mobility throughout the program. Being
able to lift and reach her shoulder high enough to put her hair in a ponytail may be able to
translate into other tasks which could contribute to important changes in her daily life. However,
this is also a cautionary tale of potential overload or dormant injuries that may surface as a result
of increased muscle movement.
Emotional/ Cognitive Progress
The damage that occurs following a stroke can lead to several problems including
impairments in speech, movement, and cognition. Consequently, psychological outcomes
following a stroke can include emotional and behavioural changes and cognitive impairment
(Kneebone & Lincoln, 2012). Cognition involves multiple domains: attention, executive function,
visuospatial ability, memory, and language, and cognitive deficits post-stroke (Cumming,
Marshall, & Lazar, 2013). Although classifying cognitive deficits following a stroke can be
difficult, reducing the impact of post-stroke cognitive impairment is an important goal. Cognitive
rehabilitation interventions have been successful in some domains, but still require more research
(Cumming, Marshall, & Lazar, 2013). Although this study did not directly aim to reduce the
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cognitive impairments post-stroke, physical activity can be considered a potential treatment
(Cumming et al., 2012; Cumming, Marshall, & Lazar, 2013). Throughout of the 12-week upper
limb, virtual, at-home exercise intervention, some participants discussed changes in emotion,
cognition, and attitudes towards exercise.
It was apparent that there had been this expectation among participants of experiencing
instant gratification. When attempting previous programs, when their progress was not
immediately recognized, participants noted that they became frustrated and their declined
motivation led them to quit. During the progression of this study, Jenna (f, 64 years) recognized
needing to be patient, and needing to acknowledge that the brain needs to be a part of the poststroke exercise program a well:
“I am so used to having instant gratification [prior to stroke] with exercise but right now
you’re reteaching your brain again, so you don’t get that”.
Angela (f, 64 years) also shared this want for instant gratification. She was able to realize
that progress is not immediate, rather, it takes time:
“For the four years of my stroke I really didn’t think about doing these things, I am
looking for something that was instant. What I realize now is that that can’t happen. You
really have to do it slowly and constantly”.
Even with coming to this realization, Angela (f, 64 years) expressed her frustration with
how slow the progress post-stroke can be:
“I get impatient with myself, but I have to readjust because I cannot leave it in that
position, that’s why I had the problem with my fingers because I get lazy and impatient
with it”.
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The concept of reteaching and retraining was prominent among other participants as well.
For many individuals after they experience a stroke, they may not have a full recovery, which
challenges their coping with the lasting effects, especially with respect to immobility (Meijering
et al., 2016). It can be a process of adapting to and accepting a new identity post-stroke. Rainn
(m, 67 years) shared the emotional battles he faced post-stroke:
“I’ve accepted the fact I’m not the same guy I used to be and this is part of that not the
same type of thing, I just have to deal with it. It’s not just the physical, it a neurological
part of that not accepting”.
Rainn (m, 67 years) explained how the program in this study was influential in helping
him work through some of his emotional concerns by shifting his focus:
“It kind of puts your attention where you might not have it. I find that with a stroke,
especially towards the beginning, things would just go out of your mind real fast. You just
wouldn’t even think about it so this kind of directs your attention back to things that
whether you need it or not, you need to think about. It helped me to be able to put my
focus where it needs to be”.
Along with this need to refurbish, was accepting that progress takes time. For Brian (m,
75 years), this involved the need to have a routine, which this study offered:
“What I’m hoping and sort of expect to come out of this is setting a routine and setting
rituals in my mind about doing daily exercise. One of the downsides of a stroke in my
judgment is I might have a good day in terms of my body but when I wake up in the
morning I feel like the movie ‘Groundhog Day’. Now I have to relearn, I don’t know how
long it takes of it that will happen, but I hope that once again these things can be
automatic”.
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Having a routine, or having a goal, can create a purpose for some individuals. Ellie (f, 68
years) expressed this just after the first week of exploring the program:
“Now I have something that keeps me going”.
She was able to recognize that the program could act as a motivating factor for improving
her daily life. When the program, or exercise in general was a challenge for Ellie (f, 68 years), she
took it upon herself to identify how she could change her approach in order to still gain the
mental and physical benefits. For Ellie (f, 68 years) this meant altering when she performed the
exercises:
“I have been doing the videos in the morning instead of the evening, because I have more
energy and I feel better”.
Despite the barriers that her condition posed for her ability to exercise, Ellie (f, 68 years)
remained motivated, performing the exercises approximately five days a week throughout the
entire program. Mindy’s (f, 56 years) progress was also able to give her the confidence to try new
things in her daily life. Throughout the program, Mindy was able to squeeze her hand closed and
tighten her grip, something she said she has not been able to do in years. After a few weeks of
working on strengthening her grip, she stated that being able to close her hand tighter would give
her the confidence to try something new. For example, although Mindy was in a wheelchair, she
stated:
“I can’t really stand but I think [this] will give me more confidence to try at a railing or
something”.
Regardless of the physical barriers Mindy faced in her daily life, her physical progress in
her hand gave her enough confidence to use these skills outside of the program.
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Clinical Significance
Clinical significance refers to the practical or applied value or whether the intervention
makes a genuine difference in the daily life of the participants (Kazdin, 1999; Ranganathan,
Pramesh, & Buyse, 2015). In comparison to clinical significance, statistical significance measures
the likelihood that a study’s results are due to chance (Ranganathan, Pramesh, & Buyse, 2015).
When hearing the perspectives of the participants, the theme of clinical significance began to
emerge. Several participants shared during their weekly meetings the practical changes that they
were experiencing.
Even as early on as the first week, Jenna (f, 64 years) began to describe her experiences
performing the exercises, stating that her unaffected arm was helping her affected arm through
the movements. Although she described her affected arm as ‘not pulling its weight’ she felt as if
the bond was stronger at the end of her exercise sessions:
“I just wanted to make sure you realize that I’m doing it with my good hand but my
affected hand isn’t pulling its weight. But it must be doing something because my bond is
better at the end, I know it’s better because I can feel it”.
The ability to feel the differences speaks to the clinical significance. As grip strength or
electromyography measures were not taken as part of this intervention (mainly due to COVID-19
restrictions), from a statistical standpoint, the neural and muscular efforts could not be quantified.
However, if a participant was noticing changes in their abilities to perform tasks, this may be
more indicative to the success of the program. Another participant, Mindy (f, 56 years) described
an electrical feeling in her affected hand while performing the exercises, feeling a new sensation
after just two weeks of performing the exercises. After week five, Mindy (f, 65 years) reported
an incredible change:
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“I have some good news. I was able to do a squeeze with my left hand this morning.
That’s the first time in five years and I could actually feel it in my shoulder a bit”.
When asked what she was doing when this happened, Mindy (f, 65 years) explained:
“I told my husband to put his finger in [my hand] so he could feel that I could squeeze it.
I had a little bit of trouble with the thumb getting in the way sometimes, and then
underneath I could almost feel the tendon pulling”.
Although Mindy (f, 56 years) had very limited mobility, she was still able to benefit from
performing these exercises, even stating that her grip around the objects was getting tighter. Even
a small change made a big difference to in her life, explaining that something like this would give
her the confidence to try new things since her stroke.
Being able to use your hand for simple tasks can drastically improve the quality of life for
stroke survivors. Jenna (f, 64 years) also spoke to some changes she experienced throughout the
program, surprising herself with something she had not been able to do in quite some time as
well:
“I did surprise myself that I got my arm up and one day I was able to will it down again.
So, is that the tone relaxing or me moving it, I don’t really know”.
Although she was unsure of the movement at the time, one week later she stated:
“I have learned to control the tone and I have picked up my arm, that’s about the only
change and I’m hoping that can be a precursor to other things”.
It is also important to note that Jenna (f, 64 years) stated she has not been able to move
her arm to chest height since she experienced her stroke in September of the year 2020. Both
Mindy (f, 56 years) and Jenna (f, 64 years) had very different functional abilities and mobility,
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but notably both participants provided concrete examples of tasks they could perform since
participating in this study, thus, illustrating how they have improved and benefited from
performing these exercises.
There were also instances when the participant themselves did not necessary notice the
changes, but they reported how their partners were making comments related to their progress.
For example, during week two, Kate (f, 82 years) who began working on the difficult-mobility
exercises, reported:
“I haven’t noticed any difference in getting my arm up, but my partner says he can see it
getting higher”.
After a few weeks of continuing to perform the exercises, Kate (f, 82 years) noticed the
difference herself:
“My hand is going up more. The big difference I’ve noticed was that I had to put my head
forward to get my hands back there, and now I am keeping my head back and putting my
hand up a little bit more”.
Participants spoke of specific exercises that they felt were contributing most to their
progress. For example, three weeks into the program, Ellie (f, 68 years) was focused on a mix of
different videos, setting up her exercise session with at least one video from each level of
difficulty. This setup seemed to be working well for her as she reported that her mobility
improved:
“I can move my hand a little bit better like up and down, my arm. I like for example, the
umbrella video. I have more movement specifically in my shoulder, so I’m okay with
that”.
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As noted, participants would often describe their progress as the ability to perform
specific movements (e.g., squeeze, hand going up, arm going down). Rainn, (m, 67 years) spoke
more specifically about his progress being related to flexibility and strength. For example, during
week five, Rainn (m, 67 years) said:
“I think it’s a little more flexible in my shoulder, it still feels achy sometimes. I would like
to say that it feels less immobile but in the same token, I am doing a lot more with it”.
Two weeks later, Rainn (m, 67 years) reiterated this statement, while also reporting
improvements in strength:
“I think that it’s getting a little bit more flexible, fluid I guess would be a better word. It’s
a lot easier [to carry and hold something]. However, I do have to be careful when I am
carrying something for a long period of time”.
Just over half-way through the program, Rainn (m, 67 years) was relating his progress to
his daily life. Living in an apartment, he described how he often had to take the stairs carrying
boxes, groceries, or other heavy objects. Although Rainn (m, 67 years) reported that tasks were
getting easier, he did also note that he was still unable to perform them for long periods of time.
Interactions
Typically, when discussing interactions related to stroke rehabilitation, the focus is on
neural connections (i.e., Yourganov et al., 2021). However, social activities and support, or
interactions with other people while engaging in meaningful activities tend to be influential
among stroke survivors when engaging with exercise or rehabilitation programs (Espernberger et
al., 2021). COVID-19 introduced complications for many individuals worldwide, this was also
true for persons who are post-stroke. The pandemic also accelerated the need to provide webbased interventions related to stroke rehabilitation, despite many older adults lacking the
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technological resources and savviness to navigate these approaches (Bakas & Commiskey, 2021).
Throughout the 12-week program in this study, participants discussed various topics related to
interactions during their weekly meetings. The following emerged as common themes across
participants: interactions with the program/researcher, interactions with technology, and
interactions with COVID-19.
Interactions with the Program/ Researcher
Home-based exercise interventions have the potential to overcome some of the barriers
associated with participating in exercise and maintaining physical independence for older adults
(i.e., finances, transportation, accessibility; Zunft et al., 1999; Mann, 1999; Schutzner & Graves,
2004; Deneau et al., 2020). At-home programming may provide the opportunity for persons who
have experienced a traumatic incident (i.e., hip fracture, stroke) to maintain physical
independence without having to venture to programs at external locations. Paired with the
increasing occurrence of stroke, are growing demands for rehabilitative services, generating an
interest specifically in at-home rehabilitation programs. For stroke survivors, this type of
programming typically focuses on preventing deterioration in performing ADLs and functional
training (Langhorne, Bernhardt, & Kwakkel, 2011). Especially with the COVID-19 restricting
available community programs, the need for at-home programming has increased. However, there
is a paucity of research exploring the perceptions of older adults involved in at-home
programming.
During the weekly meetings, it was noted that participants appreciated the opportunity to
experience exercising at-home and utilizing a platform such as YouTube. Rainn (m, 67 years)
recognized an at-home program provides an alternative exercise option for individuals who may
not be able to interact within the community:

45

“Doing them at-home is great, I have worked with a lot of older adults in various age
ranges and there are so many factors that stop people from going out into the community
and participating”.
Even completing a community- or group-based class on platforms such as Zoom caused
some participants to be apprehensive. For example, Angela (f, 64 years) shared:
“I like this, the privacy of doing this on my own time. I’m welcome to go to an exercise
class if I ever could, I just don’t like the Zoom thingy. I don’t like that, it’s too much
exposure”.
Jenna (f, 64 years) also appreciated that at-home programming reduced the need for
added concerns, such as transportation, when attending classes with the community:
“I think for the situation I’m in, it’s actually preferable because you don’t have to find a
ride and getting into the building, so I liked it”.
Mindy (f, 56 years) also discussed how at-home programming avoided transportation
burdens that involved dependency on another individual:
“I enjoyed it 100%. I prefer doing it at-home then going to therapy because that can be
stressful sometimes. My husband can’t work at that time then so when I go he just has to
sit there”.
In addition to discussing the opulence of engaging in a rehabilitation program at-home,
participants expressed an appreciation for the tailored complexity levels of the program. For
example, Ellie (f, 68 years) expressed her appreciation for the varying levels of difficulty:
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“Actually, if it’s too difficult it makes it harder and harder to exercise but if it’s lighter, I
can do more without feeling any pain so it’s better for me if they aren’t too difficult. I’m
afraid if it was more difficult it would be worse for my pain and my muscles”.
There were also several discussions about the complexity levels and how it related to the
existing mobility levels and abilities of the participants. Angela (f, 64 years), who was four years
post-stroke was also able to recognize the need for differing complexities:
“It was crazy to me that I had my stroke 4 years ago now and I still need to start on
limited mobility exercises. It just shows how much improvement there is still to go and
how much I need to do this”.
Although some of the exercises posed a challenge for participants, some used this as
motivation to keep progressing through the program. During week two, Kate (f, 82 years)
mentioned:
“The umbrella slide and the cup pass, those ones are hard to do, so that’s why I work on
them a little bit more”.
In addition to the exercises, the participants expressed how their interactions with the
researcher were a key component of the program. Participants shared that the weekly meetings
with the researcher were beneficial for their progress, accountability, and feelings of
connectedness.
“Yes, it is important, even if I haven’t done any or much of it, I need to own up to it.
There’s a part of me that wants to be lazy and unaccountable, but I have to monitor the
push and pull. I need to acknowledge what I have done and what I haven’t done and what
I need to do, this helps a lot”.
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In this quote, Brian (m, 75 years) discusses that the interactions with the researcher on a
weekly basis act as a source of motivation. Although there is insufficient evidence on utilizing
motivational interviewing as part of stroke rehabilitation, using techniques such as expressing
empathy and supporting self-efficacy has effectively enhanced motivation for rehabilitation
among this population (Chen et al., 2020). While this study did not directly aim to use these
techniques, participants often expressed how the weekly meeting interviews acted as a source of
motivation. For example, Brian (m, 75 years) stated:
“One of the things I wanted to comment on is the connection with you twice a week. The
first connection [motivational email] being just a ‘Hi!’ but it reminds me. It’s relatively
easy for me to lose things since my stroke. It’s a good thing what we’re doing today
[weekly meeting] and important in the long term, a very nice gentle reminder and as
much as there’s a part of me that doesn’t want to”.
Kate (f, 82 years) also expressed her appreciation for the weekly meetings:
“I think the once a week was good because as I said it kept me on track and it didn’t take
very long, every time we talked it only took 10 or 15 minutes. I liked the part that we both
were very flexible, you always accommodated me so that was perfect”.
In addition to being a source of motivation, Ellie (f, 68 years) noted that the weekly
meetings gave her the opportunity to express her feelings and discuss amendments:
“I like our meeting, because I can express myself with whatever I feel I can tell you and
you can make improvements. It lets you hear from us, improve things, and make changes,
things like that”.
Angela (f, 64 years) also spoke about accountability and motivation when she made the
following statement:

48

“It helps because if I am going to be doing my exercises on my own and no one is
checking on me I wouldn’t do as much, so it helps with motivation. There should be a
routine for people who have had a stroke because when I was discharged it was like I
was on my own”.
Angela (f, 64 years) noted that there can be this sense of seclusion or solitariness once
transitioning back home from formalized care. It is not uncommon for stroke survivors to remain
inactive within the community (Espernberger et al., 2021), perhaps part of the issue is this feeling
of being on one’s own. Factors such as verbal encouragement from staff, progress in therapy,
success in rehabilitation, and receiving individualized care from healthcare providers contribute
to motivations to participate in rehabilitation (Resnick, 2002). Therefore, it is possible that
healthcare professionals influence a person’s motivation to participate through improving their
rehabilitation experience (Koh, Barr, & George, 2014). Furthermore, the gaps in the transition
from inpatient to outpatient services (i.e., lack of communication, lapse in discharge coordination)
have been reported as a reason for not continuing rehabilitation (Koh, Barr, & Geroge, 2014). The
post-stroke experiences with the rehabilitation process upon being discharged from the hospital
by participants in this study increased their appreciation for at-home options with differing
complexity levels and the ability to speak with a researcher on a weekly basis.
Interactions with Technology
As the proportion of the population of older adults continues to increase, it is important as
a society that we continue to adapt and meet their needs (Halicka, 2019). It has been proposed
that various forms of technology (i.e., assistive) may be helpful to enable older adults to ‘age in
place’ (Centre for Disease Control and Prevention, 2013). Older generations have been
increasingly using smart technology daily for communicating (i.e., e-mail, online video/phone
calls, online chatting), using search engines, social networking, and apps (von Humboldt et al.,
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2020). Especially during COVID-19, smart technology has been an important resource for older
adults isolated from the community.
As a virtual intervention targeted towards older adults, participants were asked about
their interactions with technology (i.e., using the YouTube platform to view recorded exercise
videos) as part of the demographic questionnaire and during the weekly meetings. Overall, the
participants reported positive experiences interacting with YouTube. For example, Angela (f, 64
years) stated:
“The videos were easy to follow, not difficult to find. I made myself a playlist with the
warmup, limited mobility videos, and the cool down so I can just let the videos play as if I
was doing a class”.
Steve (m, 64 years) was often joined by his wife during the weekly meetings. Engaging
with a dyad during these conversations provided additional information that may have otherwise
been neglected. To illustrate, when Steve (m, 64 years) was asked for feedback regarding the pace
of the videos he remarked that he had no trouble keeping up with the videos. However, his wife
added:
“The pushing one he did have to keep pausing and playing the video to keep up with the
pace, but he was able to control the video okay”.
The following week, Steve’s wife expanded on why he paused the videos at times,
stating:
“You paused some, but you paused to have a drink. On the last set you didn’t quite keep
up, so you were pausing to catch up. You’re very quick at it, he just turns and pauses it
automatically”.
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Learning this information provided feedback that the pace may have been considered
acceptable because of the opportunity afforded by interacting with a technology allowed it to be
paused and played back. This feature related to technology may speak to the preferences of
participants to play videos at different speeds or pause them when needed. Thus, videos played on
YouTube inherently afforded a supplementary option for tailoring the program to the participant.
There was forethought in the design process that attempted to acknowledge participants
preferences and their potential level of comfort interacting with technology. Participants were
provided with documents (via email) that provided written descriptions and illustrations of the
exercises from each of the videos. There were participants who did choose to use a hybrid
approach (both videos and documents), or strictly opted to use the documents, never having
watched the videos. Kate (f, 82 years) mentioned:
“I try to do the videos maybe every other time, but I do the papers the rest of the time. I
find the papers easier to follow. I get into it easier”.
With preferring to use the written ‘script’ of the exercises as opposed to the videos, Rainn
(m, 67 years) explained:
“I do work better with the script as opposed to the videos, with the script I can follow it
through at my own pace instead of pausing the video or falling behind”.
Although the desire to watch videos as part of the at-home programming was not a
desirable approach among all participants, it was necessary due to the ongoing pandemic.
Interactions with COVID
During the COVID-19 pandemic, the closing of organizations, such as community
centres and recreation and fitness centres, highlighted the need for at-home programs. Especially
with stroke survivors needing rehabilitative care (i.e., physiotherapy, occupational therapy), it
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was imperative to develop at-home programs to prevent functional decline during these periods of
social distancing (Middleton et al., 2020). Throughout the course of the 12-week upper limb,
virtual, at-home exercise intervention, it was clear that some participants felt the same way. One
participant, Brian (m, 75 years) suffered a stroke in January 2020 and was unable to access
several rehabilitation services during this lockdown:
“What you’re developing, and this program is so vital. I never had any physical therapy
because my stroke in January [2020] and COVID lockdown in March [2020] and I
couldn’t do anything, knowing the first few months were so important”.
This was a powerful statement as it provides anecdotal evidence from the viewpoint of a
stroke survivor on the indispensable and critical need for stroke rehabilitation options when
traditional methods, like physiotherapy, are not available. Brian (m, 75 years) reiterated this point
when he stated:
“I did have noticeable wasting at the time of my stroke. It has impacted me for a good
part of the first year. There was no accessibility to any sort of exercise programs”.
Throughout the pandemic, the clear need for online services emerged; videoconferencing
with family or work, ordering groceries, taking exercise classes online, and talking to healthcare
providers (Morrow-Howell, Galucia, & Swinford, 2020). The need for web-based and at-home
options that support rehabilitative care for confined older adults during the pandemic has been
called for in the literature (e.g., von Humboldt et al., 2020) and was continuously noted by
participants. After one week of performing at-home YouTube based exercise, Angela (f, 64 years)
stated:
“I really enjoyed doing them at home, with COVID, we can’t get out and go to programs
and gyms, so it is nice to have something to do at home”.
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Although participants expressed gratitude for having a program like the one in this study,
particularly during the pandemic, other participants also noted how interactions with COVID-19
had temporary negative impacts. For example, Mindy (f, 56 years) reported how she was unable
to participate in the desired amount of exercise during Week 3 due to the COVID-19 vaccine. At
the end of Week 4, she stated:
“I have developed COVID arm from the Moderna vaccine”.
Although an uncommon adverse side effect from the Moderna vaccine, COVID arm can
present as a localized, transient erythematous rash several days following the administration of
the dose (Wei et al., 2021). Rainn (m, 67 years) also discussed his performance after receiving his
second vaccination:
“It’s been a little bit hairy… I got my second shot so my arm it still sore”.
Although the pandemic introduced challenges for the participants, overall, there was also
the opportunity to highlight the need and want for more at-home programming for older adults,
especially individuals who experienced a traumatic and debilitating event such as a stroke.
Recommendations for Moving Forward
Maintaining physical activity in older adulthood has benefits for both physical and
cognitive functioning and is considered a key component of successful aging (Center for Disease
Control and Prevention, 1999). Although physical activity is well-known to combat many agerelated changes, 68% of individuals 65 years of age and older, as well as 54% of older adults aged
65-75 years do not engage in regular exercise (Pigford, 2010; Schiller, Lucas, & Peregoy, 2012).
There are numerous barriers that prevent older adults from participating in exercise such as; not
knowing how to initiate an exercise program, lack of access to fitness facilities, transportation and
travel time, physical limitations, and poor weather conditions (Klompstra, Jaarsma, & Strömberg,
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2014; Velazquez et al., 2013; Deneau et al., 2020). Alongside these perceived barriers of exercise
participation among older adults, COVID-19 has increased the need for at-home programming.
The pandemic has affected the number of older adults participating in physical activity and raises
the question of how older adults can remain physically active despite the lockdown (Goethals et
al., 2020). A concern that may be compounded further when an individual needs rehabilitation,
such as older adults who are post-stroke. Thus, it seemed imperative and timely to learn from the
participants any recommendations they may have for the future of stroke rehabilitation after
participating in this study. First, the attitudes towards the program were examined.
Attitudes Towards the Program
Research of older adult’s attitudes towards at-home exercise has been limited. Most of
the research has focused on exercise in general or the motivating factors to increase exercise
participation among older adults. For example, interventions that include behaviour change
strategies such as goal setting, self-monitoring, feedback, and support can be effective in
increasing physical activity participation among older adults (Young & King, 1995; Zubala et al.,
2017). In addition, exercise settings should be attractive, safe, and should facilitate movement and
activity. This can include safe and usable sidewalks, hiking and biking trails, and community
recreation centres (King, 1991; Sallis, Bauman, & Pratt, 1998; Deneau et al., 2020). The subquestion in the research study aimed to determine older adult’s perceptions of performing an athome exercise program. Throughout the course of this 12-week upper limb, virtual, at-home
exercise intervention, the participants shared their perceptions of participating in an at-home,
online, upper limb training program. Early in the program, Jenna (f, 64 years) was able to
appreciate the set-up of the program and the videos. She shared:
“I think you have worked very hard getting it set up and it was very clear”.
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After another week of using the program, she was able to understand the value of the
exercise videos, despite not seeing very much progress at that point:
“Even though I am not getting any feedback yet, you have done a good job with the
videos”.
Prior to retirement, Rainn (m, 67 years), worked as an occupational therapist/
physiotherapist assistant. After the first week of trying the exercise, he was able to recognize the
benefits that these exercises had for stroke survivors:
“These exercises are spot on for what stroke survivors may need. Especially since I have
been through it myself”.
Rainn (m, 67 years) also shared how important aspects of the intervention went beyond
the actual exercises. Although this comment was made after just the first week, Rainn (m, 67
years) expressed how the emails were going to be an imperative component of his motivation:
“This was just the first week, so I was getting used to everything. Next week with the
encouragement e-mail I am going to need you to send me a picture of a whip so I can get
going”.
Although Rainn (m, 67 years) was speaking through humour, he was able to illustrate the
importance of different contact points (i.e., weekly encouragement emails) made by the
researcher towards the motivation of the participants. This supports other research where the use
of motivational emails has reported as an influential aspect for improving the overall effect of
internet-based interventions (i.e., Lancee et al., 2013).
Jenna (f, 64 years) also believed the weekly communication was an essential aspect of the
program. For her, the weekly communication helped to ensure the participant was accountable for
their actions, and thus, engagement with the program:
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“I know this from teaching piano for 40 years. You have to be accountable and if you
know that [meeting] is coming up, you tend to maybe let yourself off the hook for the
weekend, but you better get to it on Monday”.
Other participants had positive experiences to share regarding the virtual program. Brian
(m, 75 years) highlighted the importance of at-home programs and shared that the videos
reminded him of exercise DVD’s:
“When I think of these videos, I think of [the] Jane Fonda videos you used to pop into the
DVD player, so at-home programs are so important”.
His comment highlighted that the shift away from using exercise DVD’s has maybe
created a gap in at-home exercise options. ‘Exergames’ such as the Wii Fit and Xbox Kinetic
gained interest as a way to engage in at-home exercise, yet these programs were not tailored for
the needs of older adults (i.e., Nawaz et al., 2016; Li et al., 2017).
Upon completion of the program, Jenna (f, 64 years) shared her positive perspectives
regarding how the videos helped her learn the exercises:
“I liked the videos, and I liked the way they timed it down. It gave you an idea of the
speed you’re supposed to do it at, I was trying to do them too fast. Eventually, I stopped
using the videos, like once you learn it you just put up the list and go.”
Jenna (f, 64 years) was able to illustrate how the use of the videos and the ability to stop
or pause the video may only be needed as the participant is learning and getting used to
performing the task. With time, the videos became more reminiscent of a playlist or an exercise
class to follow along with.
Another participant, Ellie (f, 68 years) shared her experience during week three, and
compared the exercises to the ones she was given immediately after her stroke. She believed the
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exercises she was given during physiotherapy were too difficult and caused her spasticity to
become worse. Although she was five years post-stroke and still experienced some spasticity,
Ellie (f, 68 years) appreciated the level of difficulty of the exercises included in the program:
“This is my 5th year after stroke, and I did physiotherapy, some people, the exercises they
gave me were too harsh. My spasticity was too harsh, and I have more spasticity this
year. I believe my exercises were too harsh then, these exercises are not harsh for me”.
Furthermore, Ellie (f, 68 years) shared that she enjoyed having access to the videos and
being able to exercise on her own time instead of being required to do it at a certain time:
“I like to have the videos ready because sometimes I have something to do you know, I’m
expected, like a doctor’s appointment or something and I don’t have to move things
around. I can just do it later or before.”
In comparison, another participant, Kate (f, 82 years) stated that she would rather perform
the exercises with the researcher and talking through the program together:
“I would rather have you and I talking and doing it that way, it’s more organized if I sit
and do them for an hour with you”.
She later explained that the format in which she performed the exercises varied
depending on the other programs she was involved in that week. For example, when she had
multiple other Zoom classes, she felt more comfortable performing the exercises with the
physical copy of the script. However, when her Zoom classes were cancelled, postponed, or on a
break, she felt she had more time to watch the videos. She explained:
“I don’t really do the videos, I just did the papers this week, but next week I am not doing
exercises with conductive education so next week I will go back to the videos.”
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Here, she highlights her appreciation for the variety of formats available in the program.
Therefore, the general set up of the program can be dependent on the preferences of the
participant. Some individuals may continue to work better when they are in a comfortable
environment, performing the exercises on their own, while others would rather the
encouragement and expertise of an instructor.
Setup of the Program
Throughout the 12-week upper limb, virtual, at-home exercise intervention, the
participants were able to provide the researcher with feedback regarding the setup of the program
and ease of use of participating in an at-home, YouTube based exercise program. At the
beginning of each exercise video, the instructor provided the participant with a tutorial of how to
safely perform the exercise. This tutorial would encompass the first few minutes of the exercise
video. By the third week in the program, Angela (f, 64 years) was comfortable enough with the
exercises that she felt she did not need the tutorials any longer. Angela (f, 64 years) typically set
up her exercise session in a ‘YouTube Playlist’ which began with a warmup, a couple videos of
her choice, and a cool down. Angela (f, 64 years) shared:
“I would like the tutorials in a separate video so that you can keep the momentum of the
exercises going. After a while you don’t need them anymore, but a reminder is ok”.
She felt as if the reminders regarding form, pace, and momentum that the instructors
would give throughout the videos were sufficient, and if the tutorials were included in a separate
video, they would be there to use if the participant need them. It is also important to note that
participants were given a written description, or ‘tutorial’ of the exercises should they need them
as well. Other participants agreed with this statement, including Ellie (f, 68 years) who stated:
“Reminders are okay, but it doesn’t have to be long, a small reminder is okay”.
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By the fourth week, Brian (m, 75 years) also felt comfortable enough with the exercises
that he did not need to watch the tutorials either, stating:
“You do a good job of the practice or modelling of the exercise. I think it’s important.
Now that I know some of them, I just skip over that part but if I want to realign myself
then I watch them”.
As the program progressed, participants began giving the researcher recommendations on
new videos or exercises that they would like to see included in the program. Brian (m, 75 years),
was the first participant to mention where he would like to see the program develop:
“The biggest thing for me is that my fingers get still, so I would like some fine motor
exercises. My fingers get stiff, and I have little feeling in my fingers. I would love to work
on that”.
Although there were various exercises throughout the 12-week program that focused on
the shoulders, arms, hands, and fingers, Rainn (m, 67 years) shared a similar statement:
“I know we started off with the shoulder and everything like that, I guess my focus is
going down to the hand now and I’d like to be able to do some on my hand. It’s kind of
spazzing out a bit, and that’s part of the control problem I have.”
Although Angela (f, 64 years) was also interested in seeing different videos added into
the program, she shared that she was needing to work on the more proximal aspects of her upper
limbs before focusing solely on the most distal:
“The closer to your body the earlier to come out in terms of mobility, so I am okay with
working on the upper part still, I feel like the tightness up there has a lot to do with my
hand moving”.
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The difference in these statements highlights the difference between stroke survivors and
their individual needs. Ellie (f, 68 years) emulated this by expressing her desire for the program to
expand as well. However, she was looking for the program to expand to the lower body:
“I would like to have something more with my lower limbs, like the leg. I’m waiting for
some in the future and if you could have something so spasticity is included in the
program, like make some adjustments for people with spasticity”.
Despite their differences in mobility, their recommendations indicate that these
participants would be interested if at-home programs included a variety of exercises.
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Discussion
The purpose of this study was to examine the effects of a 12-week upper limb, virtual, athome training program for community-dwelling older adults’ post-stroke on falls self-efficacy
and physical functioning. Throughout the study, participants completed 12-weeks of upper limb
exercises that consisted of three varying levels of exercises: limited mobility exercises, moderate
mobility exercises, and difficult-level exercises. Each week, participants met with the researcher
to discuss their experiences with the program, to monitor adherence, and implement any
individualized modifications. Additionally, participants completed two questionnaires (i.e., the
Falls-Efficacy Scale-International and the Stroke Impact Scale-16) across three time points (i.e.,
baseline, 10 weeks, 12 weeks) to collect data related to falls self-efficacy, stroke-related
disability, and quality of life.
Although both the FES-I and SIS-16 failed to produce statistically significant results
following the training program, they are currently the only existing clinical surveys that analyze
falls self-efficacy and stroke-related disability, respectively. Fear of falling has been identified as
a potential risk factor for falling after a stroke (Azad et al., 2014). The FES-I has been assessed
among post-stroke patients and it was demonstrated to be an acceptable measurement tool to
address falling concerns while engaged in physical and social activities for this population (Azad
et al., 2014). The FES-I measured the level of concern about falling using a 16-item questionnaire
including activities typically performed daily (Greenberg, 2011). Several of these activities
focused on tasks that involved the lower limbs. However, the current study aimed to focus on the
upper limbs. This potential disconnect may provide some explanation for the lack of statistical
differences across the three time points. However, other reasons may also provide insight. For
example, a lower score on the FES-I is considered favourable (Delbaere et al., 2010). Thus, the
FES-I is limited by a floor effect and results may not be significant if participants do not start
with higher levels of concern about falling (Delbaere et al., 2010; Talley et al., 2008). Previously,
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when the psychometric properties of the FES-I and the shortened version among older adults with
and without cognitive impairment were examined, the Short FES-I and the FES-I showed to be a
valid measure despite the potential floor effects among higher functioning individuals (Hauer et
al., 2010). This phenomenon was observed in the current study. The majority of participants
presented with low scores at baseline measures leaving little-to-no room for improvement
throughout the 12-week intervention. Interestingly, three participants in the current study
presented with higher scores at baseline, and who could be considered ‘low functioning’
compared to the rest of the participants. Jenna, Mindy, and Ellie scored 57, 48, and 41 on the
FES-I, respectively. By week 12, their scores respectively decreased to 41, 41, and 30, showing a
trend of a decreased fear of falling among these participants. Although there is a need for future
research with additional participants (i.e., larger sample size), particularly individuals who would
initially score higher on the FES-I, the current study provided embryonic data to suggest that the
12-week upper limb, virtual, at-home training program for older adult, community-dwelling
stroke survivors was effective at improving falls self-efficacy.
In comparison, the SIS-16 focused on the four physical domains from the SIS 3.0 (i.e.,
strength, hand function, mobility, and ADLs; Duncan et al., 2003). Although the SIS-16 was
originally developed to assess levels of disability one-to-three months post-stroke, the tool
provided the opportunity to measure a number of health-related quality of life dimensions that are
not addressed in other scales (Kasner, 2006). There was precedent for using the SIS-16 with
individuals who were more than three months post-stroke. For example, the SIS-16 has been
administered 6-months (e.g., Sadlonova et al., 2021), 12-months (e.g., Sadlonvoa et al., 2021; Tse
et al., 2017; White et al., 2007), 3-years (e.g., White et al., 2007), and 5-years (e.g., White et al.,
2007) post-stroke. The SIS-16 focused largely on activities related to the lower limb, such as
walking, climbing, and balance activities (Duncan et al., 2003). Although the tool measured hand
function and mobility, the former was only measured using one item (i.e., carrying a heavy object
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with the affected hand; Duncan et al., 2003). However, due to the COVID-19 pandemic, actual
hand grip measures (i.e., dynamometer) were not feasible, thus, a scale like the SIS-16 was
necessary. Therefore, like the FES-I, the lack of statistical significance may be a result of a
potential disconnect between the focus of the tool (e.g., one item looking at hand function) and
the study focus (e.g., intervention designed for upper limbs).
Interestingly, the hand function domain of the SIS-16 was also subject to a floor effect,
particularly among individuals who had a moderate stroke (Kasner, 2006). Other domains of the
SIS-16 were limited by a ceiling effect (e.g., communication domain; Kasner, 2006). For the
current study, there was a trend within data of SIS-16 scores shifting towards improved hand
function scores throughout the 12-week training program. As not every participant was able to
complete all difficult-level activities by the end of the 12-week training program, perhaps the
hand function improvements would be larger and reach statistical significance if the intervention
was longer. After all, the data collection time periods of 10-weeks and 12-weeks was based on
fall prevention literature rather than stroke intervention studies. Nonetheless, the SIS-16 was the
only clinical survey to directly measure hand function among stroke survivors (Kasner, 2006).
Although the FES-I and SIS-16 data potentially led to more questions than answers, the
perspectives of the participants provided insight into their experiences with the 12-week training
program, speaking at times to the clinically significant results that emerged. Participants began to
report new sensations they experienced in their upper limbs while performing the exercises.
These sensations included feelings of blood rushing, becoming more aware of their muscles, and
eventually translated into reports of improved mobility and flexibility in their upper limbs.
Overall, participants would often describe their progress as the ability to perform specific
movements (i.e., hand squeeze, hand going up, arm going down, etc.). Additionally, participants
often reported physical progress by sharing new accomplishments including increasing
repetitions, sets, and even the weight used to perform the exercises. The upper limb plays a
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significant role in the performance of activities of daily living and impairments can compromise
participation in many of these meaningful tasks (Harris & Eng, 2007). Improvements in mobility
and sensation in the upper limb experienced by some participants is notable, as these
improvements can directly improve their ability to use their upper limb during daily activities.
This can than potentially translate to improved quality of life and prolonged independence.
Throughout the 12-week upper limb, virtual, at-home exercise intervention, the weekly
meetings also provided insight into participants’ perceptions of participating in the training
program. Participants often expressed their appreciation for having the opportunity to exercise athome and utilizing a platform such as YouTube. Participants provided supporting evidence that
the accessibility of community resources and centers can be perceived as a barrier towards
exercise participation, as can the fact that many older adults tend to rely on public transportation
to participate in various activities within the community (Schutzner & Graves, 2004). Some of
these barriers have arguably been compounded further as a result of the COVID-19 pandemic and
several government mandated restrictions. Beyond accessibility, participants also preferred
having a resource that they could perform on their own time, and a program that provided them
the opportunity to participate in the privacy of their own home. Thus, at-home, virtual exercise
can allow individuals to perform safe and practical exercise, without the barriers of the
environment and physical exercise settings may postulate. Additionally, as highlighted in some of
the participant responses, at-home exercise may be used to help build a routine and enforce an
active lifestyle among older adults. The importance of at-home options for older adults seemed to
be emphasized during the pandemic (e.g., Son et al., 2021). Although conversations may have
concentrated on older adults in general, the participants in the current study illuminated the need
for similar programs for individuals with chronic conditions, such as post-stroke. Thus, this need
for alternative exercise or rehabilitation programs and social opportunities that focus on health
and well-being span beyond a pandemic.
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Another aspect that emerged as important to the participants, was the weekly interactions
with the researcher, describing them as beneficial to their progress, and allowing them the
opportunity to express their feelings and discuss amendments due to any difficulties they were
experiencing. Generally, supervised exercise programs targeted towards older adults tend to
produce greater adherence rates (Courneya et al., 2012; Picorelli et al., 2014). Although this
program was not directly supervised, the weekly meetings appeared to provide the participants
with the same feelings of a supervised program. Thus, the current study provided additional
support that personal interactions between the participant and supervisor (or researcher) can have
a positive overall effect on the participant. These positive effects could include lower incidence of
training-related injuries and the enhancement of social, mental, and emotional health (Courneya
et al., 2012; Picorelli et al., 2014). Additionally, participants often reported that these meetings
held them accountable to the program and acted as a source of motivation. Previous research has
utilized telephone supervision for at-home exercise programs and similarly, although participants
were initially skeptical about receiving exercise advice via the telephone, participants had mostly
positive experiences with the program (Lawford et al., 2018). Participants valued the sense of
undivided focus they received from their supervisor (Lawford et al., 2018), which was echoed by
the participants this study. However, participants stated that the visual contact component was
missing with telephone supervised exercise program (Lawford et al., 2018). The use of video
conferencing services such as Zoom became increasingly popular during the current COVID-19
pandemic and participants in this study enjoyed this aspect. Our findings suggest that the weekly
meetings allowed participants to feel confident in performing the exercises without supervision
through the support provided during these meetings.
Overall, the key findings of this study showed that participants enjoyed participating in a
virtual, at-home exercise program. Several participants even reported their intentions to continue
with the activities even after completing the 12-week upper limb, virtual, at-home training
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program. It was evident that stroke survivors experienced physical progress months and even
years after their stroke. Stroke survivors who suffered an upper limb impairment tend to be at an
increased risk of falling, for example, they may be unable to stop a fall from occurring (i.e.,
grabbing or reaching for a nearby ledge, table, etc.). Although the FES-I failed to provide
statistically significant results, the incidence of falls among community-dwelling stroke survivors
remains high (Goto et al., 2019). In the future, at-home programs should continue to focus on the
relationship of upper limb impairments among stroke survivors and fall prevention. Additionally,
as participants consistently discussed their desire for the program to expand and include more
exercise videos, specifically videos that focused on fine motor movements and lower limb
exercises, future research should explore additional upper limb activities and a combination of
tasks that incorporate the whole body.
The current study was not without limitations. Due to the COVID-19 pandemic, the
current study was not able to conduct in-person measures. This resulted in administering
questionnaires, that were self-report but completed through an interview-style via Zoom.
Although the FES-I and SIS-16 were validated tools to be used in studies with older adults, and
individuals’ post-stroke, they each were limited by floor and/or ceiling effects. Furthermore, the
items on each tool did not directly align with the upper limb focus of the current study.
Furthermore, as a result of the self-report nature of these questionnaires, despite being a relatively
simple way to collect data, participants may have over- or under-reported the severity of their
situation (Paulhus & Vazire, 2007). There were a total of 8 participants included in the analysis of
this study. Although this sample size may be suffice for the qualitative aspect of the current study,
this was not the original design and fails to provide adequate power for the quantitative analyses.
Post-pandemic, the recruitment of participants should focus on a larger sample size. As the
current study was completed in part of a Master’s thesis, it was not feasible to increase the
allotted timeline to complete incorporate more participants. In addition to incorporating objective
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physical measures, a future study may also consider extending the training program beyond 12weeks, as this may be advantageous when examining physical changes among individuals’ poststroke.
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Conclusion
Arguably, the majority of stroke-related rehabilitation research has focused on the
physical impact and physical outcomes of interventions (Teoh et al., 2009). The COVID-19
pandemic interfered with the feasibility of collecting data in-person, thus, complicating the ability
to collect objective data of physical measures (e.g., strength, endurance, flexibility). Thus, there
was a need to pivot towards assessing psychosocial factors even when administering a 12-week
upper limb, virtual, at-home training program for community-dwelling older adult post-stroke.
Although the 12-week upper limb, virtual, at-home training program did not yield statistically
significant differences for falls self-efficacy and physical functioning, participants self-reported
physical and clinical improvements throughout the program. The perceptions of participants
included the need and desire for more at-home exercise programs. Functional impairments
following a stroke, coupled with stroke-related disability, can pose a major health threat to
independence and quality of life (Duncan et al., 2005). As activities of daily are imperative to
independent living, especially among older adults following a stroke, a common intervention
focus has been functional training (Duncan et al., 2005). When considering the physical
impairment an individual may experience in at least one arm due to a stroke, regaining upper limb
function should be an important rehabilitation goal (Harris & Eng, 2007). Future research should
continue to focus on the relationship of upper limb function (e.g., strength) and fall prevention.
Additionally, future research should aim to develop a tool (e.g., questionnaire) that includes more
upper limb strength and hand function measures, to enhance the accuracy of related impairments
among community-dwelling older adults’ post-stroke. At-home, virtual, exercise interventions,
such as this one administered in the current study, can provide older adult stroke survivors with a
safe and practical environment to regain their functional abilities, return to an active lifestyle, and
improve their overall quality of life.
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REVIEW OF LITERATURE
Exercise is Medicine
Medicine typically seems to be thought of interchangeably with pharmaceuticals. To
date, medicine has been primarily concerned with understanding heterogeneity in drug
responsiveness (Lobelo et al., 2014). Typically, physicians tend to prescribe evidence-based
treatments known to be the most effective with the fewest side effects (i.e., constipation) or risks
(i.e., opioid addiction) (Pedersen & Saltin, 2015). Physician’s primary intervention involves
prescribing various pharmaceuticals. However, medicine is more than pharmaceuticals. In fact, at
the beginning of the 20th century, prior to when mainstream Western medicine and healthcare
became more focused on “sick care”, a major part of a physician’s duties focused on the
preservation and promotion of health and the prevention of disease. For example, physicians
emphasized the importance of exercise and diet, or what became known of as ‘regimen’
(Berryman, 2010). The first recorded physician to prescribe exercise to their patients was
documented during 600 BCE when a physician named Sustra indicated that “[exercise] should be
taken every day” but taken “only to half extent of his capacity” as otherwise “it might prove
fatal” (Bhishagrata, 1963). Sustra advocated for exercise because he believed it made the body
stout, strong, firm, compact, light, enhanced the growth of limbs and muscles, improved digestion
and complexion, prevented laziness (perhaps linked to inactivity or sedentary behaviour), and
reduced senility while being “absolutely conducive to a better preservation of health”
(Bhishagrata, 1963). Sustra was concerned that individuals who consumed too much food, slept
too long, and remained sedentary would become ‘corpulent’, a condition that he associated with a
variety of diseases (Bhishagrata, 1963). Therefore, he believed that physical exercise should be
included in the prescription for many diseases (i.e., obesity) (Bhishagrata, 1963). The emphasis
on health, rather than disease, and the beneficial relationship between exercise and health dates to
two prominent physicians of ancient medicine: Hippocrates (460-370 B.C.) and Galen (129-210
A.D.) (Berryman, 2010). Hippocrates was the first to write two books on regimen and noted that
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“eating alone will not keep a man well; he must also take exercise. For food and exercise…work
together to produce health” (Jones, 1953). An avid follower of Hippocrates, Galen further
explored the concept that human disease was caused by an imbalance in what he referred to as the
naturals. Galen structured his medical ‘theory’ around the ‘naturals (of, or with nature—
physiology), the ‘non-naturals’ (things not innate—health), and the ‘contra-naturals’ (against
nature—pathology). Central to this theory was health and the use and abuses of the ‘six things
non-natural’: 1) air; 2) food and drink (diet); 3) sleep and walking; 4) motion (exercise) and rest;
5) excretions and retentions; and 6) passions of the mind (Berryman, 1989). The foundation of the
theory is that if the non-naturals were observed and practiced in moderation, health would be the
result. However, if they were not, or performed in excess, disease or illness would result
(Berryman, 1989). It became typical with ancient medicine, that every person, either
independently or with direction from their physician, had the opportunity to attain and preserve
health (Berryman, 2010). Thus, the idea that exercise is medicine is not a novel approach.
Physical inactivity is the fourth leading cause of death worldwide (Kohl et al., 2012). It
can be described as performing insufficient amounts of physical activity, or not meeting specified
physical activity guidelines (i.e., 150 minutes/ week of moderate-to-vigorous exercise) (González
et al., 2017). In the year 2010, approximately 31% of the world population was categorised as
being physically inactive and failed to meet the minimum recommendations for physical activity
(Hallal et al., 2012). With a large number of our population failing to meet physical activity
guidelines, a major consequence is the economic burden on healthcare. For example, in Canada,
physical inactivity represents 3.7% of the overall healthcare costs (Janssen, 2012). In the year
2007, 5.3-5.7 million deaths globally from non-communicable diseases could have theoretically
been prevented if these people would have been sufficiently active (Kohl et al., 2012).
Furthermore, in the year 2010, chronic diseases accounted for 63% of all deaths worldwide
(Durstine et al., 2013). Physical inactivity has been recognized as an important risk factor for
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multiple chronic diseases, disability, and death. Physical activity involves any movement
produced by the body that uses energy and can include walking, jogging, swimming, or climbing
the stairs. Although physical activity and exercise are terms used interchangeably, exercise is
classified as a subset of physical activity (World Health Organization, 2010). For example,
exercise involves a planned, structured, and repeated behaviour aimed to maintain or improve
components of physical fitness (World Health Organization, 2010). Thus, exercise is a more
organized and intentional aspect of physical activity. Physical activity can also be categorized
into moderate or vigorous intensity exercise that can be measured through the use of the
metabolic equivalent method (MET) (Pate et al., 1995). One ‘MET’ corresponds to the level of
energy expenditure while resting quietly. Therefore, physical activity may be classified as lightintensity (less than three METs), moderate-intensity (three-to-six METs), and vigorous-intensity
(greater than six METs) physical activity (Pate et al., 1995). In the year 2012, the Sedentary
Behaviour Research Network described sedentary behaviour as any waking behaviour with an
energy expenditure of less than one MET, while in a sitting or reclined posture (González et al.,
2017). Hamilton et al. (2008), indicated that sedentary behaviour involves all activities with low
levels of metabolic energy expenditure (i.e., too much sitting). Although most may believe
sedentary behaviour and physical inactivity may be used interchangeably, physical inactivity is
descried as performing insufficient amounts of physical activity (Bames et al., 2012). However,
there is an abundance of evidence supporting that physical activity yields important health
benefits. This evidence ranges from reduced risk of chronic diseases such as heart disease, type 2
diabetes, and some cancers, to enhanced function and preservation of function with age (Blair,
2009). There are a variety of recommendations that exist to meet the minimum requirement for
physical activity and most recommend at least 30 minutes of moderate-intensity physical activity,
five days per week, or 20 minutes of more intense physical activity, three days per week (Haskell
et al., 2007). The World Health Organization (WHO) recommends that adults between the ages of
18-to-64 years should accumulate at least 150 minutes of moderate-intensity aerobic physical
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activity throughout the week or undertake at least 75 minutes of vigorous-intensity aerobic
physical activity (World Health Organization, 2010). Although, various physical activity
guidelines exist (i.e., WHO (World Health Organization, 2010), AHA/ACSM (Nelson et al.,
2007), CDC (Centres for Disease Control and Prevention, 2009), Canadian Physical Activity
Guidelines (Tremblay et al., 2011)). Lifestyle factors, such as physical inactivity, are largely
correlated with the development of chronic disease(s) (Durstine et al., 2013). Physical inactivity
has been associated with a higher risk of type 2 diabetes, regardless of age, sex, ethnicity, or body
mass index (BMI). In fact, two major risk factors for the development of type 2 diabetes are
obesity and physical inactivity (González et al., 2017). Although there are many factors related to
the development of chronic disease, previous research has highlighted the importance of targeting
physical inactivity as a global health issue. The relationship between chronic disease development
among double-decker bus conductors and drivers in London, UK was examined (Morris, 1953).
The study found that the more active conductors were less likely to suffer from cardiovascular
disease than inactive drivers (Morris, 1953). A similar study investigated 3263 longshoremen in
California, USA between the ages of 35-to-64 years, who were classified by job description,
which was based levels of physical activity (Paffenbarger et al., 1971). It was noted that the more
physically active longshoremen had lower all-cause mortality rates (Paffenbarger et al., 1971).
Although these studies took place in the mid-to-late-1990s, it illustrates that physical inactivity
was a topic of concern, especially related to occupation. However, during the same time period, a
study involving approximately 20,000 Harvard alumni was conducted to further explore the
relationship between physical inactivity and chronic disease (Paffenbarger et al., 1986). The
participants ranged in age from 35-to-74 years and were followed for almost 16 years (between
1962-1978). Among the participants, researchers reported that 1413 Harvard alumni whose
primary cause of death was from chronic disease, but more importantly, that all-cause mortality
was better for individuals who had higher levels of physical activity (Paffenbarger et al., 1986).
These few examples help illustrate the ill effects of physical inactivity and sedentary behaviour
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on health and physical functioning have been well-established. Furthermore, there appears to be a
vicious sequence that extends beyond physical inactivity impacting the risk of chronic disease to
include individuals with chronic diseases being more likely to be physically inactive, which in
turn leads to a cycle to deconditioning (Durstine et al., 2013).
Unlike traditional medications used in Western medicine, physical activity and exercise
change the underlying mechanisms for physical functioning (Durstine et al., 2013). With respect
to cardiovascular disease (CVD), daily exercise improves functional capacity relating to a
reduction in the risks and symptoms of the chronic condition (Durstine et al., 2013). Generally,
individuals with CVD who become physically active experience many benefits, including
improved muscle strength, reduced submaximal heart rate and blood pressure, decreased body
weight, and increases in high density lipoprotein cholesterol (HDL-C) (O’Connor et al., 1989).
As noted above, type 2 diabetes can also be highly correlated with physical inactivity. Typically,
type 2 diabetes is associated with a decrease in life expectancy, and an increased risk for
developing other chronic diseases such as CVD (Durstine et al., 2013). Regular physical activity
and exercise can increase insulin sensitivity, promote fat oxidation, muscle lipid storage, and aid
in weight reduction (Durstine et al., 2013). Individuals with type 2 diabetes are also encouraged
to participate in additional exercise programs based on the knowledge of exercise-induced insulin
effects (Durstine et al., 2013). Although not typically viewed as chronic disease, obesity rates are
also increasing globally. In the United States, approximately one third of the population is
considered obese, comprising the highest rates in the world. Obesity is heavily associated with
negative health implications and often linked to several chronic disease such as CVD, certain
cancers, osteoarthritis, and type 2 diabetes (Durstine et al., 2013). Since it is well-known that
daily physical activity can aid in weight loss, it is recommended that obese individuals obtain a
10% weight reduction, though even small reductions (i.e., three-to-five%) can substantially
improve health risks (Durstine et al., 2013; Donnelly et al., 2009). Overall, there are many
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chronic diseases that benefit from the participation of regular physical activity and exercise. They
can be used as interventions to provide primary health benefits, as well as secondary benefits in
disease prevention (Durstine et al., 2013). However, rates of chronic diseases continue to rise, and
the increases are heavily associated with an increase in physical inactivity.
Physical activity guidelines, along with physical activity promotion such as Exercise is
Medicine (i.e., Sallis, 2009), can be used to educate health professionals on the importance of
exercise in disease management (Durstine et al., 2013). When individuals engage in exercise,
there are many benefits that can be acknowledged in the medical realm. Participating in regular
exercise can reduce morbidity related to chronic diseases, improve functional ability, and reverse
physiologic impairments (Bean, Vora, & Frontera, 2004). Yet despite the clear scientific
evidence proving the benefit of regular physical activity on the prevention of many chronic
diseases, only one of every three doctors provided their patients with physical activity advice or
advise them to engage in exercise (Sallis, 2009; Buford, Roberts, & Church, 2013). There has
been a call to action that highlights patients with a chronic disease or even individuals who are at
an increased risk for developing chronic diseases, should consider using exercise as an essential
vaccine to reduce the risk of illness and extend their life (Sallis, 2011). More so, that physicians
should encourage patients to participate in physical activity, provide advice, and educate their
patients on the seriousness of inactivity (Sallis, 2009). In an American study of older adults, about
95% of participants had visited their general practitioner within the last year, of which only about
62% reported receiving advice about physical activity (Balde et al., 2003). Although more than
half of older adults reported receiving advice from their physician, it is possible that general
advice is given with no specifics on how the older adults should increase their physical activity
levels (Schutzner & Graves, 2004). Typically, general advice is given to patients with no specific
recommendations about the type or frequency of exercise they should be performing (Schutzner
& Graves, 2004). Further assistance in planning an exercise program tends to be directed to those
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whom healthcare practitioners viewed as being more in need of exercise (Glasgow et al., 2001). A
previous study aimed to determine the effectiveness of exercise ‘prescriptions’ through a
prescription physical activity program from their physician and an exercise specialist (Kerse et
al., 2005). Prior to the study, 14% of the intervention group reported reaching the goal of two and
a half hours of moderate-to-vigorous activity per week (Kerse et al., 2005). Importantly, there
was an increase in the number of intervention group participants reaching this health-related
activity goal from 14%-to-31%, with no reports of falls or injury as a result of the intervention
(Kerse et al., 2005). Interestingly, the intervention group also showed lower rates of
hospitalization in the year following (Kerse et al., 2005). In comparison, the control group
increased from 16%-to-22% (Kerse et al., 2005). However, the control group did not show the
same favorable trends in falls and injury levels as the intervention group (Kerse et al., 2005).
Therefore, the authors suggest that older adults who receive specific physical activity advice from
their general practitioner (GP) perform more moderate-to-vigorous intensity activity than those
who did not receive an exercise prescription (Kerse et al., 2005). Perhaps participating in exercise
as a form of ‘exercise prescription’ and receiving more guidance from family physicians could
ensure that older adults are partaking in safe and beneficial physical activity. It is believed that
increasing the levels of physical activity among older adults could reduce the medical
expenditures and strain on the healthcare system. Engagement in physical activity and related
health behaviours remains suboptimal. With the prevalence of chronic diseases increasing and the
number of older adults growing, healthcare providers should provide regular consultation
regarding physical activity regardless of whether or not a patient participates in, or plans to
participate in, exercise to promote healthy behaviours in society (Newson & Kemps, 2007).
However, research findings have indicated physicians are not regularly counseling their patients
about exercise (Schutzner & Graves, 2004). Reports of common barriers for lack of physician
intervention include lack of time during the office visit, limited reimbursement for preventative
counseling, lack of training to provide exercise prescription, and perceived effectiveness as a
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behavioural counselor (Schutzner & Graves, 2004). However, older adults generally prefer to
receive exercise advice or support from their own physician or healthcare professional (Schutzner
& Graves, 2004). Since patients respect their physician’s advice, older adults are more likely to
change their levels of activity as a result of conversations with their physicians. Hence, older
adults who receive exercise as a result of conversations with their physician perform more
moderate-to-heavy levels of exercise per week than those who did not receive advice (Schutzner
& Graves, 2004; Kerse et al., 2005).
Interactions between older adults and their physician can offer opportunities for primary
prevention, such as the promotion of an active lifestyle (van der Bij, Laurant, & Wensing, 2002).
However, there is some criticism of the advice given by healthcare providers regarding increasing
physical activity levels. Current recommendations from physicians fail to reflect the cumulating
evidence of the importance of physical activity in prevention and disease management (Glasgow
et al., 2001). Patients require continuing support and encouragement from their healthcare
providers, especially as individuals age and chronic conditions become more prominent (Glasgow
et al., 2001). Perhaps physician training programs regarding physical activity counseling need to
go beyond asking simple questions and include effective behaviour change and maintenance
strategies (Glasgow et al., 2001). Currently, physician’s advice overlooks the preventative role of
exercise. Participating in physical activity needs to be added to other factors such as weight and
blood pressure as a vital sign to assess during routine visits (Glasgow et al., 2001).
Intriguingly, exercise is not included in many undergraduate medical curricula. For
example, a recent review of US medical curricula suggests that more than half of the medical
students trained in the United States receive no formal education about exercise (Jadczak, Tam, &
Visvanathan, 2018). As noted above, a major barrier for physicians not counselling their patients
about exercise is the lack of education during medical school (Jadczak, Tam, & Visvanathan,
2018). However, even when it is included in the curricula, there is a gap in the delivery of
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exercise-oriented courses. A recent evaluation of PA training in the curricula of Australian
medical schools revealed that while most medical schools report including PA training in their
education, the quality of the content is inconsistent (Jadczak, Tam, & Visvanathan, 2018).
Previous research conducting by Jadczak et al. (2018), reported that a four-and-a-half-week
geriatric medicine course for senior medical students improved students’ perception of the
importance of prescribing exercise, specifically for older adults. The course included information
regarding; (1) how to assess the physical activity level of an older patient; (2) how to do a safety
screening and identify risk factors; (3) how to motivate an older patient and determine their
readiness to change; (4) how to write an exercise prescription; and (5) how to provide medical
clearance for exercise programs (Jadczak, Tam, & Visvanathan, 2018). The key finding from this
study showed that a short one-and-a-half-hour physical activity module used to educate senior
medical students, including a one-hour exercise tutorial combined with a 30-minute practical
counselling session increased medical students’ perceived competence in prescribing exercise to
older people (Jadczak, Tam, & Visvanathan, 2018). Evidently, there is a need for change in
healthcare delivery systems and physicians’ attitude toward the delivery of preventative services
to ensure that patients, especially older adults, are receiving appropriate information and
counseling related to physical activity (van der Bij, Laurant, & Wensing, 2002).
Various strategies have been implemented within the healthcare sector to increase
physical activity levels. The healthcare sector offers a variety of resources that can help counsel,
refer, and deliver physical activity promotion programs for all individuals. Physical activity
advice in combination with physical activity prescriptions, behavioural change, and follow-up
tools, and referring patients to community-based resources can be useful to increase physical
activity participation (Lobelo et al., 2014). To integrate physical activity into healthcare, the
American Medical Association and the American College of Sports Medicine (ACSM) colaunched what rapidly evolved into a multi-organizational, multi-national initiative called
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‘Exercise is Medicine’ (EIM) (Blair et al., 2012). Preliminary survey work showed that 60% of
patients reported that they would be more likely to start a physical activity program if advised to
do so by their healthcare provider (Blair et al., 2012). Along with the evidence supporting the
benefits of physical activity, this provided incentive to launch the EIM initiative in the USA in
2007 (Blair et al., 2012). The primary goal is to make physical activity an integral part in
healthcare systems and include it as a vital sign that can be addressed at every healthcare visit
(Blair et al., 2012). The central tenets of the original charter of EIM were that physicians first
assess physical activity during every patient visit and give physical activity a central role in the
prevention and treatment of disease (Stovitz & Batt, 2010). In 2010, the ‘Exercise is Medicine’
initiative was renamed the EIM Global Center (EIMGC) and EIM’s mission expanded to building
global awareness and framework to implement physical activity promotion in healthcare settings
(Lobelo et al., 2014; Sallis, 2009). This second phase of the EIM initiative revolved around the
implementation of the EIM ‘Solution’, which includes the integration of clinical healthcare
provider services with community evidence-based physical activity programs (Lobelo et al.,
2014; Sallis, 2009). The aim of the EIM ‘Solution’ is to apply an exercise vital sign (EVS), or
‘physical activity vital sign’ into electronic medical records, to develop a national network of
evidence-based community physical activity programs and resources, and to provide a clinical
decision support system linking the two (Lobelo et al., 2014). The goal of the EIM ‘Solution was
for healthcare providers to increase physical activity counselling and refer patients to community
exercise programs as part of their exercise prescription (Lobelo et al., 2014). An essential first
step for how healthcare systems can encourage patients to be more active is to interview them on
their exercise habits. The EVS was designed to identify patients who are not meeting physical
activity guidelines, to assist healthcare providers in promoting physical activity among patients,
and to assist in developing and prescribing appropriate exercise interventions (Glasgow et al.,
2001). It can be incorporated into routine health screenings and kept as a health indicator on
patient medical records. Healthcare providers can monitor this indicator over time, similar to
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variables such as blood pressure and weight, to provide continued support and advice for a
healthy lifestyle (Coleman et al., 2012). Unfortunately, the medical community has resisted
attempts to utilize exercise as a medication, believing that prescribing exercise has no effect on
our patients’ behaviour (Sallis, 2011).
It is clear that physical activity is a practical way to combat and prevent physical
inactivity, obesity, and various other chronic diseases. Highlighting its essentialness, it has been
argued that ‘physical inactivity is one of the most important public health problems of the 21st
century and may even be the most important’ (Berryman, 2010; Sallis, 2011). Healthcare
professionals, including physicians, are encouraged to prescribe physical activity for health.
Based on research, it can be suggested that there is a minimum dose of physical activity for health
benefits, that these benefits increase with increasing dose, and that beyond a certain dose, adverse
effect outweigh benefits (Berryman, 2010). The EIM initiative may allow healthcare to return to
prescribing lifestyle modifications such as diet changes and exercise interventions to improve the
health of our society (Berryman, 2010; Blair et al., 2012). With almost 60% of patients stating
that they would start a physical activity program if advised by their physician, we may be able to
shift and regain health through effective guidance and counsel from the medical community when
paired with well-trained exercise practitioners (Berryman, 2010; Blair et al., 2012).
Exercise is Medicine for Older Adults
Conceivably, the most significant change impacting healthcare in the 21st century is the
growth of the median age of the population (Bean, Vora, & Frontera, 2004). Adults older than
the age of 65 years comprise the fastest growing population segments, which draws concern as
they also represent the greatest proportion of individuals who have a chronic disease(s),
disability, and healthcare utilization (Petrella, 1999). The increasing number of adults aged 65
years or older places large demands on the public health system, medical services, and social
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services (Bean, Vora, & Frontera, 2004). With advancing age, there is an increase in the relative
risk of developing many chronic diseases such as cardiovascular disease, type 2 diabetes, obesity,
and certain cancers (Chodzko-Zajko et al., 2009). Older adults also exhibit the highest prevalence
of degenerative musculoskeletal conditions such as osteoporosis, arthritis, and sarcopenia
(Chodzko-Zajko et al., 2009). Thus, age is considered a primary risk factor for the development
and progression of most chronic degenerative disease states (Chodzko-Zajko et al., 2009).
Approximately 88% of older adults 65 years of age and older have at least one chronic health
condition (Petrella, 1999). Chronic diseases that commonly affect older adults contribute to
disability (e.g., declining functional mobility and cognitive reserve), a decrease in quality of life
(QoL), and an increase the cost of basic healthcare and long-term care (Bean, Vora, & Frontera,
2004). Therefore, older adults tend to generate the highest expenditures of medical care while
also being the least physically active of any age group (Newson & Kemps, 2007). As the majority
of baby boomers are now turning or approaching 65 years of age, these concerns continue to
increase (Chodzko-Zajko et al., 2009). In 1996, the Surgeon General’s Report on Physical
Activity and Health established the importance of being physically active in the prevention of
chronic disease and the promotion of health and well-being (Manley, 1996). Within the report a
link was made between sedentary behaviour and conditions such as osteoporosis, obesity, and
depression (Manley, 1996). Additionally, sedentary behaviour was connected to mortality that
was associated with coronary heart disease, type 2 diabetes, and colon cancer (Manley, 1996). In
addition, participation and maintenance of habitual exercise was recognized as one of the most
important health behaviours in the prevention or development of many chronic diseases (Newson
& Kemps, 2007). However, despite evidence documenting the physical and psychological
benefits of exercise, more than 60% of the adult population does not engage in physical activity
regularly, with 31% of adults not exercising at all (Newson & Kemps, 2007). The lack of exercise
engagement among older adults may stem from the idea that chronic diseases and disability are a
normal part of aging (Petrella, 1999). However, there is a common misconception throughout
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society that older adults cannot adapt to lifestyle interventions (i.e., exercise and diet) and that
chronic diseases and age-related changes are inevitable (Petrella, 1999). Yet, the evidence
supporting that participation in regular physical activity can elicit a number of favorable changes
that can contribute to healthy aging. For example, physical activity engagement may reduce the
risk of developing numerous chronic conditions common among older adults (such as those listed
above). In addition to reducing the risk of long-lasting ailments, physical activity can be used as a
therapeutic intervention for the treatment and management of many chronic conditions (i.e.,
stroke) (Petrella, 1999). Interestingly, based on a systematic review and meta-analysis of 18
studies, older adults who have mobility limitations with or without multi-morbidities can improve
mobility and physical functioning by participating in physical exercise therapy (de Vries et al.,
2012). However, physical activity programs for individuals with a chronic condition(s) should be
tailored according to the type of ailment, activity limitations, risk of falls, individual levels of
ability and fitness, and individual preferences (Petrella, 1999). One way to help ensure older
adults know about the benefits and importance of physical activity, and how to start tailoring
programs to their needs and interests, is through discussions with their family physician.
Older adults who have chronic health conditions typically visit their family physician
more frequently than most to discuss treatment, prevention, and management options. Therefore,
there is potential for physicians and healthcare practitioners to use this as an opportunity to
promote the engagement of regular physical activity and educate their patients on the positive
benefits associated with exercise (Chodzko-Zajko et al., 2009). In 2007, the American College of
Sports Medicine (ACSM) in partnership with the American Heart Association (AHA), published
physical activity and public health recommendations for older adults. Generally, they recommend
150-minutes per week of physical activity for positive health benefits (Chodzko-Zajko et al.,
2009). The recommendations provided by the ACSM and AHA are categorized by endurance,
resistance, flexibility, and balance exercises (Chodzko-Zajko et al., 2009). For moderate-intensity
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endurance exercise, older adults should accumulate 30-to-60 minutes per day in bouts of ten
minutes or more, for a total of 150-to-300 minutes of exercise per week (Chodzko-Zajko et al.,
2009). For more vigorous activities, they should accumulate 20-to-30 minutes per day, totalling
75-to-150 minutes per week (Chodzko-Zajko et al., 2009). Additionally, resistance exercise
should be performed at least two days per week involving major muscle groups (Chodzko-Zajko
et al., 2009). Flexibility exercises should also be performed at least two days per week to
maintain or increase flexibility for each major muscle group. Balance training can be performed
for individuals who are frequent fallers, at risk of falling, have balance impairments, and mobility
problems (Chodzko-Zajko et al., 2009). However, depending on presence of chronic diseases or
physical limitations, the intensity and duration and of physical activity should be tailored to the
individual (Chodzko-Zajko et al., 2009). The recently published ACSM/AHA physical activity
and public health recommendations for older adults suggest that the guidelines posed for ‘older
adults’ apply to individuals older than the age of 65 years. However, they may also be relevant
for adults between the ages of 50-to-64 years of age with significant chronic conditions or
functional limitations that may affect movement ability, fitness, or physical activity (ChodzkoZajko et al., 2009).
Advancing age is considered a primary risk factor for the development and progress of
many chronic disease states. However, regular physical activity can substantially modify these
risks and increase average life expectancy through its influence on the development and
prevention of chronic diseases (Chodzko-Zajko et al., 2009). One of the most important findings
in the literature is that aerobic/ functional capacity and muscle strength can be improved by
exercise training among older adults with different chronic diseases without having detrimental
effects on disease progression (Kujala, 2009). As the population ages, exercise therapy may be an
effective means of reducing disability and increasing the number of older individuals living
independently (Kujala, 2009). Older adults who adopt health-related behaviours and lifestyle
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interventions can increase life expectancy, maintain independence, decrease disability, and reduce
healthcare costs (Petrella, 1999). However, past traditional care approaches have focused on the
management of chronic disorders (i.e., through pharmaceuticals) rather than the promotion of
healthy lifestyles and prevention of chronic diseases (Petrella, 1999). If the average onset of
disability and chronic diseases can be delayed through healthy behaviours and lifestyle
interventions, then total amount of disability worldwide would decrease (Petrella, 1999).
Furthermore, if lifestyle interventions, such as physical activity, are able to combat the prevalence
of chronic diseases, it is important to understand this relationship particularly among older adults.
Since it is reported that older adults visit their family physicians frequently, healthcare
practitioners can play a central role in the evaluation of risks and patient motivation when
prescribing exercise to patients with chronic diseases (Kujala, 2009).
Regular physical activity engagement can help prevent chronic diseases (e.g.,
cardiovascular disease, type 2 diabetes, coronary artery disease), complement other lifestyle
changes (e.g., weight loss or gain, decreased alcohol and salt intake), and improve QoL (Petrella,
1999). This idea that exercise can be used as a medical treatment for chronic diseases originated
with R. Tait McKenzie, who believed that exercise held many benefits to the human body
(Moore, 2004). McKenzie first perceived exercise as a technique to rehabilitate people with a
disabling injury. He began working as a medic during the first world war where he recognized
that some wounded soldiers could return to battle through rehabilitation and helped individuals
with a permanent disability to cope with their injuries (Moore, 2004). However, most physicians
of his era did not value exercise as a clinical treatment. For example, physicians in the 19th and
20th centuries were puzzled by enlargement of the heart and it was only after decades of research
that physicians became advocates of exercise as a method of rehabilitation for heart disease
(Moore, 2004). Gradually, exercise specialists saw justifications for the use of medically directed
exercise in many chronic conditions (Moore, 2004). For example, pulmonologists worked to
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promote pulmonary rehabilitation for patients with lung disease, obesity specialists emphasized
the importance of exercise, and geriatricians encouraged exercise participation to maintain
functional independence among older adults (Moore, 2004). Additionally, engagement in regular
physical activity can be an effective intervention to reduce a number of functional declines
associated with aging (Cavanaugh et al., 1998). Initial exercise research assumed that
improvements in physiologic function would lead to enhanced functional performance and
improvements of disability (Bean, Vora, & Frontera, 2004). Regular physical activity can elicit
numerous changes in the cardiovascular system, as well as disease risk factors normally present
with aging (Cavanaugh et al., 1998). Interestingly, older adults with cardiovascular disease obtain
the same beneficial adaptations with endurance training as their younger counterparts (Bean,
Vora, & Frontera, 2004). Therefore, endurance training can help maintain and improve various
aspects of the cardiovascular system: cardiac output, arteriovenous O2 difference, and enhance
submaximal performance (Cavanaugh et al., 1998). Moreover, endurance training can contribute
to the reduction of risk factors associated with many chronic diseases (i.e., heart disease,
diabetes). Furthermore, endurance training can improve overall health status, contributing to an
increased life expectancy (Cavanaugh et al., 1998). Other forms of exercise, for example, strength
training, result in an increase in muscle mass and strength, and can be used as an effective weight
loss intervention among older adults (Cavanaugh et al., 1998). More specifically, sarcopenia and
muscle loss are common among older populations and are considered universal age-related
changes. Therefore, strength and resistance training interventions can combat these changes to
increase muscle mass and strength. Together, endurance and strength training may greatly
improve the functional capacity and QoL among older adults (Cavanaugh et al., 1998). Typically,
multifactorial exercise programs that include balance, resistance training, and endurance training
produce a number of benefits, and seem to be the most beneficial for older adults. For example,
programs that combine each of these components produce a wide range of benefits such as
improving bone health, enhancing postural stability, and increasing flexibility, and range of
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motion, which all have further benefits seen through the reduction in fall risk (Cavanaugh et al.,
1998). Additionally, exercise has shown to produce psychological benefits including preserved
cognitive function, alleviate depressive symptoms and behaviour, improve concept of personal
control, and improve self-efficacy (Cavanaugh et al., 1998). Therefore, age-related changes can
be prevented, or at least delayed, through various modes of exercise such as aerobic training,
resistance training, and strength training, as well as balance and flexibility exercises.
Due to the increasing number of older adults in the Canadian population, and the growing
prevalence of obesity and sedentary behaviour, the occurrence of chronic diseases is also rising.
The causes of functional loss and disability among older adults are mainly multifactorial.
However, the presence of chronic disease is the most prevalent contributor (Bean, Vora, &
Frontera, 2004). The most common chronic diseases among older adults include arthritis,
cardiovascular disease, diabetes, respiratory disease, and stroke. This list also comprises the
leading causes for disability, hospitalization, and death among older adults (Bean, Vora, &
Frontera, 2004). Cardiovascular disease, also characterized by hypertension, coronary artery
disease, and congestive heart failure (CHF), represents the second most common chronic disease
among older adults (Bean, Vora, & Frontera, 2004). However, of all the chronic diseases that
affect older adults, it is perhaps cardiovascular disease that the benefit of exercise is the most
well-recognized (Bean, Vora, & Frontera, 2004). In addition, hypertension is a leading cause of
death in the United States and often characterized as having systolic blood pressure >140 mmHg
and diastolic blood pressure > 90 mmHg (Pedersen & Saltin, 2015). Lifestyle interventions, such
as regular physical activity and a low-fat diet, are able to reduce blood pressure and provide
general health benefits among older adults (Young, Masaki, & Curb, 1995). Aerobic exercise,
such as walking or running, has also been proven to be a blood pressure lowering tactic. A metaanalysis that included a review of 23 studies (representing 1226 older adults) revealed that
previously sedentary older adults who engaged in aerobic exercise training had a 3.9% reduction
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in systolic blood pressure and a 4.5% reduction in diastolic pressure (Huang et al., 2013).
Furthermore, Canada’s Guide for Physical Activity does provide recommendations specifically
regarding hypertension. The guidelines recommend 30 minutes of moderate-intensity aerobic
exercise per day, in one or multiple bouts, three or more times per week (Young, Masaki, & Curb,
1995). Among older adults, this exercise dosage has been shown to reduce blood pressure five-toten mmHg in as few as four-to-five weeks (Young, Masaki, & Curb, 1995). However, to obtain
optimal benefit from regular physical activity, patients with mild-to-moderate hypertension
should engage in 50-to-60 minutes of moderate aerobic exercise three-to-four times per week
(Young, Masaki, & Curb, 1995). Many patients also take prescription medications to combat the
effects of hypertension. In this case, exercise can be used in addition and may potentially reduce
the need for some medications (Young, Masaki, & Curb, 1995).
Diabetes is also a chronic condition with increasing prevalence among older adults. There
is a strong association between the development of glucose intolerance, type 2 diabetes, and
increasing age (Young, Masaki, & Curb, 1995). Type 2 diabetes is a metabolic disease
characterized by hyperglycemia and abnormalities in glucose, fat, and protein metabolism. The
global prevalence of diabetes is predicted to increase from 171 million individuals (2.8%) in the
year 2000 to 336 million (4.4%) in the year 2030 (Pedersen & Saltin, 2015; Wild et al., 2004).
Among the majority of type 2 diabetes cases, the disease is present for several years before being
diagnosed. Additionally, more than half of all patients newly diagnosed with type 2 diabetes
exhibit signs of late diabetic complications, including peripheral atherosclerosis (15%), coronary
heart disease (15%), stroke (5%), retinopathy (5-15%), and microalbuminuria (30%) (Pedersen &
Saltin, 2015). However, physical activity can work to counteract the risk of some of these
impediments and diabetes in general as exercise among this population may promote
cardiovascular fitness and increased insulin sensitivity (Young, Masaki, & Curb, 1995).
Currently, exercise is viewed as one of the three cornerstones in the treatment of diabetes, along
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with diet and pharmaceuticals (Joslin, Root, & White, 1959; American Diabetes Association,
2002; Albright et al., 2000). The impact of physical activity and exercise has been documented
with respect to the effect on glucose. For example, increased physical activity has been associated
with a significant improvement in glucose control among people with type 2 diabetes (Pedersen
& Saltin, 2015). A randomized controlled trial placed 530 patients with impaired glucose
tolerance into one of four groups: diet, exercise, diet and exercise, and a control group (Pan, Li, &
Hu, 1995). Following a six-year follow-up, patients in the diet, exercise, and diet and exercise
groups showed a reduced incidence in type 2 diabetes (Pan, Li, & Hu, 1995). The results of this
study indicate that lifestyle interventions such as diet and exercise may be used as an effective
treatment method to reduce the incidence of diabetes (Pan, Li, & Hu, 1995). Another randomized
controlled study examined older, overweight African Americans (aged 55-to-79 years) to evaluate
the effects of a weight loss and exercise program on their diabetes management (Agurs-Collins et
al., 1997). Participants engaged in either supervised exercise and reinforcement mailings,
educational classes and mailings, or usual care (control) for 12-weeks. The group that received
exercise supervision and mailings saw greater weight loss, lower blood pressure readings, and
experienced better glycemic control than the other groups (Agurs-Collins et al., 1997). Overall,
older adults with type 2 diabetes who participate in regular exercise may show an increased
insulin sensitivity in the trained muscle, along with increased glucose uptake through the muscle
(Pedersen & Saltin, 2015). However, there are currently no specific exercise guidelines for
patients with type 2 diabetes, but most can engage in physical activity without following any
specific guideline (Pedersen & Saltin, 2015).
Osteoarthritis is the most common joint disease and one of the most common chronic
diseases among older adults, affecting more than half of all adults 65 years of age and older
(Pedersen & Saltin, 2015; Bean, Vora, & Frontera, 2004). Additionally, almost all adults 60
years of age and older exhibit some signs of osteoarthritis in at least one joint (Pedersen & Saltin,
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2015). Loss of articular cartilage is the most prevalent factor in the pathogenesis of osteoarthritis
and is accompanied by joint deformation, bone sclerosis, capsule shrinkage, muscle atrophy, and
varying degrees of synovitis (Pedersen & Saltin, 2015). Joint instability, pain, loss of muscle tone
and strength, and lower fitness levels associated with osteoarthritis may restrict physical activity
engagement, while increasing the risk of injury when participating in exercise (Pedersen & Saltin,
2015; Young, Masaki, & Curb, 1995). Previous recommendations for older adults with
osteoarthritis suggested refraining from many types of physical activity for various reasons (i.e.,
increased pain, joint destruction, injury) (Bean, Vora, & Frontera, 2004). However, more recent
research proposed by the National Institutes of Health (NIH) and the American Geriatrics Society
(AGS) have concluded that exercise may be used as an effective treatment in the prevention of
osteoarthritis (Bean, Vora, & Frontera, 2004). In fact, exercise can improve pain control among
patients with osteoarthritis, as well as improve proprioception, strength, flexibility, and endurance
(Pedersen & Saltin, 2015). Aerobic and resistance training have shown a positive effect on selfreported pain and general level of functioning among individuals with osteoarthritis in the knee
and hip joints (Zhang et al. 2010). The role of exercise among patients with osteoarthritis in the
knee has been evaluated via a meta-analysis. Findings from the review include that therapeutic
exercises provide short-term benefits such as reduced pain, improved physical function, and
improved QoL (Fransen et al., 2015). Until recently, evidence regarding the effectiveness of
exercise therapy for osteoarthritis has been unclear (Young, Masaki, & Curb, 1995). What
appears to be generally excepted though is that when prescribing and designing exercise
programs for this population, it is important to include both range-of-motion and strengthening
exercises (i.e., weights). Non-weight bearing exercise (i.e., water aerobics, swimming, chair
exercise) may also be used as alternative and effective modes of exercise (Young, Masaki, &
Curb, 1995). These alternative or modified approaches may be a preference among older adults
with osteoarthritis who experience increased symptoms of frailty or fear of falling.
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Frailty is an age-associated biological syndrome characterized by decreases in functional
reserve and resistance to stressors due to changes in several physiological systems that increase
the risk of disability, falls, hospitalization, and even death (Cadore et al., 2013). Furthermore,
frailty can include changes that are associated with aging, lifestyle habits, chronic diseases, and
the interactions between them (Cadore et al., 2013). There are many components of frailty
definitions, for example, the Fried Frailty Index (FFI) which requires the presence of three or
more of five components including weight loss, exhaustion, weakness, slowness, and low
physical activity (Collard et al., 2012). In comparison, the Frailty Index (FI) consists of a count of
impairments in various areas such as mood, cognition, and incontinence. However, many other
variations of the frailty definition exist in the literature (Collard et al., 2012). The definitions of
frailty can also include a ‘prefrail’ state, typically describing an older adult who presents between
frail and non-frail (Collard et al., 2012). A review of the literature showed that on average, 10.7%
of community-dwelling older adults met the criteria for frailty (Collard et al., 2012). However,
another 41.6% of community-dwelling older adults were considered ‘prefrail’ (Collard et al.,
2012). Although the higher prevalence of the pre-frail older adults may be dependent on the
variation of definition used, the large number of prefrail older adults increases the risk of
developing comorbid conditions, dependency, and reduced QoL. Therefore, understanding the
role of physical activity and exercise among this population is essential. Exercise programs aimed
to improve the functional capacity of frail, older adults have included resistance training, balance
training, endurance training, and coordination training have shown beneficial effects on some
functional measures among this population (Cadore et al., 2013). However, multi-factorial
exercise programs that include resistance training appear to be the most effective (Cadore et al.,
2013). These types of interventions have shown greater overall enhancements on physical health,
strength, cardiorespiratory fitness, and balance (Cadore et al., 2013). A combination of resistance
training, endurance training, and balance training have shown beneficial effects among this
population. Resistance training has resulted in greater strength gains, and multicomponent
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programs have also enhanced functional parameters such as gait, balance, and reducing the risk of
falls (Cadore et al., 2013).
Although not specifically considered a typical chronic condition, falls are also a
significant contributor to age-related morbidity (i.e., injury) and mortality (i.e., death) (Carter et
al., 2001). Age-related changes in the physiological systems (i.e., somatosensory, vestibular, and
visual) contribute to the maintenance of balance among older adults. These changes, along with
changes in muscle and bone, contribute to an increased risk of falling (Carter et al., 2001). Many
older adults, especially recurrent fallers, or individuals with mobility limitations, may develop a
fear of falling. Fear of falling may lead to a vicious cycle of isolation, restriction of daily
activities, and increased risk of falls and fractures (Young, Masaki, & Curb, 1995). Therefore,
regular exercise has been recommended as a method in preventing falls and fall-related injuries
among older adults (Carter et al., 2001). Although there was not sufficient evidence to conclude
that exercise decreases the incidence of falls, a review of 18 randomized controlled trials and one
meta-analysis found that targeting multiple risk factors (i.e., reducing environmental hazards,
increasing strength) decreases the frequency of falls (Gillespie et al., 1998). In the attempt to
determine what type of interventions are associated with greater fall prevention effects, the
review provided strong evidence that exercise as a single intervention can prevent falls among
community-dwelling older adults (Sherrington et al., 2017). Additionally, programs that involve a
high balance challenge (i.e., balance training) and include greater than three hours a week of
exercise exhibit greater fall prevention results (Sherrington et al., 2017).
Falls are also a common adverse event following a stroke. In fact, approximately 14-to65% of people with a stroke fall at least once during hospitalization and between 37-to-73% fall
within six months after-discharge (Batchelor et al., 2012). Stroke is a common health problem
and now the third largest cause of disability-adjusted life years (DALYs) within developed
countries around the world (Batchelor et al., 2012; Saunders, Greig, & Mead, 2014). More
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specifically, DALYs refers to the sum of life-years lost as a result of premature death and years
lived with disability adjusted for severity (Grysiewicz, Thomas, & Dilip, 2008). After
experiencing a stroke, approximately half of individuals who are living are permanently disabled
(Saunders, Greig, & Mead, 2014). These negative consequences of living post-stroke are often
predisposed among individuals who are deconditioned and prone to a sedentary lifestyle that
negatively impacts their performance on activities of daily living (ADLs), increases their risk of
falling, and contributes to an increased risk of recurrent stroke (Billinger et al., 2014). Post-stroke
disability includes a wide range of problems such as movement and function limitations, balance
impairments, cognition, attention, memory, and pain (Saunders, Greig, & Mead, 2014). The most
common post-stroke long-term concerns reported include decreased mobility (58%), increased
fatigue (52%), difficulties concentrating (45%), and experiencing one or more fall (44%)
(McKevitt et al., 2011). With all of the reported consequences associated with stroke occurrences,
it is clear that physical fitness is often impaired. The physical activity goals for an individual
post-stroke need to be customized to the individual tolerance of many variables including stage of
recovery, environment, available social support, physical activity preferences, impairments,
activity limitations, and participation restrictions (Billinger et al., 2014). It is currently
recommended that individuals post-stroke undertake regular aerobic exercise to; i) increase
aerobic capacity and improve gait efficiency; ii) to reduce fall risk; and iii) minimize the risk of
recurrent cardiovascular events (Billinger et al., 2014). Resistance and strength training are also
recommended to increase muscle strength and improve performance on ADLs (Billinger et al.,
2014). Flexibility training can be performed to increase range of movement and prevent
deformities (e.g., contractures). Balance and coordination can be enhanced through flexibility and
neuromuscular training (Billinger et al., 2014). The benefits of physical activity participation go
beyond the few chronic diseases mentioned above (e.g., hypertension, type 2 diabetes, stroke).
Through practicing healthy lifestyles, avoiding sedentariness, participating in physical exercise,
older adults are more likely to maintain independence, QoL, and remain healthy. However, it is
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more common for patients to want to take, and for healthcare providers to recommend,
pharmaceuticals. Greater efforts are needed to recognize that exercise is medicine, and a viable
approach to help treat and maintain various chronic conditions among the older adult population.
In Western biomedicine, it is widely accepted that regular physical activity has a number
of physical and psychological benefits. In our globalizing society with increasing problems of
sedentary living, physical inactivity, and obesity, it is important to understand how other cultures
perceptions of health and physical activity are understood and utilized (Jette & Vertinsky, 2011).
In Canada, society is becoming increasingly multi-cultural, with a large and rapidly growing
immigrant population (Jette & Vertinsky, 2011). In the year 2011, researchers examined how
Western biomedical beliefs around exercises and related health practices compare and contrast
with traditional Chinese medicine’s (TCM) conceptions of health and exercise within Canada
(Jette & Vertinsky, 2011). They interviewed 15 Chinese women 65 years of age and older, living
in Vancouver, British Columbia regarding their views on exercise, weight control, and body
practices, including informal medical sources, and popular media typically consulted for advice
(i.e., books, newspapers, health and fitness magazines, and the internet) (Jette & Vertinsky,
2011). The study focused the Greater Vancouver area, a large multicultural community in which
people of Chinese descent are the largest visible minority group, comprising 18.2% of the
community’s total population (Jette & Vertinsky, 2011). In modern Beijing, it is common to see
older citizens participating in some form of physical activity or exercise; examples include
walking, jogging, performing Tai Chi, qigong, stretching, and dancing (Jette & Vertinsky, 2011).
Most often, these activities are performed in groups, in which individuals share common health
advice regarding good spirits, nutrition, and exercise (Jette & Vertinsky, 2011). Therefore, the
objective was to examine how Western biomedical beliefs regarding exercise and related health
practices compared and contrasted with TCM approaches to health and exercise, while also
exploring the ways in which advice about health, physical activity, and exercise regimens is
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understood and taken up by aging Chinese immigrant women in Vancouver (Jette & Vertinsky,
2011). Interestingly, approximately two-thirds of the participants stated that they combine some
form of TCM with Western medicine practices (Jette & Vertinsky, 2011). Several participants
explained that they tend to classify a health issue as a big or small problem and seek a solution
based on this categorisation (Jette & Vertinsky, 2011). For example, if they classify a problem as
serious (or big), they rely on Western medicine practices, whereas small and/or chronic problems
are typically treated with Chinese remedies (Jette & Vertinsky, 2011). Conceivably this is a
similar thought process that is shared by other older adults from various cultural backgrounds.
Perhaps these beliefs are imperative to living a healthy lifestyle and could be integrated into
Western biomedicine to enhance the QoL of all individuals. Future research should investigate
this perspective and the relation to the uptake of exercise as medicine as an alternative to
pharmaceutical approaches. It is possible that with the integration of Western biomedicine and
exercise principles, older adults can maximize independence, QoL, and increase lifespan. With a
wider recognition and acceptance of physical activity as an approach to medicine, it is possible
that older adults may also see the benefits when treating or preventing various chronic conditions.
In the aforementioned study, one participant stated that after many years of not participating in
regular exercise, she returned to practicing Tai Chi in order to help her recover from her stroke
(Jette & Vertinsky, 2011). Another woman began Tai Chi following a diagnosis of high blood
pressure, as she believed that in addition to taking Western blood pressure medication that such
physical activity would improve blood circulation (Jette & Vertinsky, 2011). Another nontraditional intervention for chronic conditions, such as stroke rehabilitation, is Yoga. Although
there is a limited amount of research specific to stroke and yoga, there is growing interest that
yoga could be used as an intervention to improve balance and functioning among older adults
(Schmid et al., 2012). A study published in the year 2012 recruited individuals’ post-stroke who
were 18 years of age and older to assess the impact of a yoga-based rehabilitation intervention on
balance, balance self-efficacy, fear of falling, and QoL after stroke (Schmid et al., 2012).
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Following the yoga intervention, improvements in both balance scores and fall risk were observed
(Schmid et al., 2012). In addition to an improvement in balance scores, the researchers identified
that participants also had increases in their balance self-efficacy (Schmid et al., 2012). This may
be an important indicator because balance self-efficacy can also be a primary predictor of activity
and participation following a stroke (Schmid et al., 2012). In several instances, the women were
already using Western medicine but viewed (Chinese) exercise as complementing Western
medical interventions, helping them regain bodily balance (Jette & Vertinsky, 2011). As there is
documented evidence that non-pharmaceutical approaches, or non-traditional-Western
interventions such as Tai Chi and Yoga, have proven benefits for individuals with a chronic
condition, the initial approach to accepting exercise is medicine may need to introduce physical
activity as an accompaniment to pharmaceutical approaches. It appears that the incorporation of
physical activity into daily life, or as part of a treatment regime, is a cognizant choice made by
some people. However, this may be influenced by cultural backgrounds. For example, 35
immigrant Chinese women (aged 50-70 years) living in Toronto, Ontario were involved in a
study examining their cultural values, beliefs and attitudes toward physical activity and exercise
(Fancott, 2011). It was noted that all of the participants made a conscious effort to participate in
habitual exercise (Fancott, 2011). These women also claimed to be increasingly receptive to
health messages from healthcare professionals regarding exercise as beneficial to her physical and
emotional health and important to allow them to enjoy life post-retirement (Fancott, 2011). It is
interesting to note that some of these women turned to Chinese exercise to regain health after a
stressful or busy lifestyle led to what they perceived as ‘health fatigue’ (Schmid et al., 2012).
Some of these women took up these practices to help them recover from ‘big’ problems they
believed required the use of Western medical treatments (Schmid et al., 2012). Many of these
participants viewed exercise as a way to regain and maintain balance, health, and happiness,
which all appear to be interconnected (Schmid et al., 2012). Regardless of the type of exercise, it
is clear that many different cultures and societies throughout the globe utilize different methods
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of physical activity to better and maintain their health. With the well-known knowledge of the
positive benefits of participating in physical activity, perhaps it is possible to intertwine physical
activity counseling into our healthcare system.
Poor health, disability, and dependency do not have to be inevitable consequences of
aging (Cadore et al., 2013). As the proportion of older people continues to rise, exercise therapy
may be an important means to reduce disability and increase the number of individuals able to
live independently in the community (Kujala, 2009). Older adults who practice healthy lifestyles
avoid sedentariness, participate in physical exercise (e.g., walking, strength training, or selfadjusted physical activity), use clinical preventative services, and continue to engage with family
and friends are more likely to remain healthy, live independently, and incur fewer health-related
costs (Billinger et al., 2014). Healthcare providers should incorporate strategies for minimizing
risks for activity, strategies for increasing activity gradually over time, and behavioural strategies
for adhering to regular physical activity (Newson & Kemps, 2007). This may prove to be
particularly effective when coming from a family physician. Older adults, especially those with
chronic health conditions, have relatively high attendance rates at the physician’s office (Taylor,
2014). Thus, the family physician is in a strong position to give exercise-related advice (Taylor,
2014). Physicians play a key and pivotal role in promoting exercise behaviour among older
adults, and thus moving forward the agenda of exercise is medicine.
Aging
The National Institute of Health on Aging defines aging as changes that occur throughout
the lifespan (The National Institute on Aging, 2008). However, there are several definitions of
aging. For example, the World Health Organization (WHO) defines aging as gradual changes in
the biological, psychological, and social domains of individuals (Stein & Mortiz, 1999).
Furthermore, from a biological perspective, the term aging is often used synonymously with the
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term senescence, also known as ‘a biological process of dysfunctional change by which
organisms become less capable of maintaining physiological function and homeostasis with
increasing survival’ (Crews, 2003). For the purpose of this thesis, aging will be more loosely
defined. That is, aging, or older adults, will be considered individuals who are 65 years of age or
older.
Globally, the population older than age of 65 years is expected to double from 12% in the
year 2010 to 22% by the year 2040 (Heidenreich et al., 2011). For example, in the United States,
the average estimated life expectancy is expected to be 83.8 years of age by the year 2050.
Moreover, the population of Americans older than 65 years of age is projected to more than
double from 43 million to 87 million older adults (Trombetti et al., 2016). Within Canada, the
proportion of the population consisting of older adults (i.e., 65 years of age and older) will be
larger than the number of individuals aged 0-14 years by the year 2021 (Statistics Canada, 2020).
Furthermore, by the year 2036, the number of older adults could reach between 9.9 and 10.9
million people (Statistics Canada, 2020). To provide additional context, the U.S. Census Bureau
reports that based on the 2010 Census there were more than 40 million residents in the United
States of America who were 65 years of age and older (United States Census Bureau, 2010).
Meaning that in the year 2010, there were more individuals 65 years of age and older living in the
United States of America than the entire population of Canada (estimated population of 34
million in the year 2010 (Statistics Canada, 2011)).
In addition to there being a greater number of individuals reaching the ‘older age
threshold’ (i.e., 65 years of age and older), there is a noted increase in life expectancy. This
increased longevity may be viewed as a great achievement for our societies, yet, preserving
health, independence, and QoL during these ‘extra’ years has proposed major clinical and public
health challenges (Trombetti et al., 2016; Khaw, 1997). Age is the leading predictive factor for
most of the chronic diseases that account for the majority of morbidity, hospitalizations, health
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costs, and mortality worldwide (Tchkonia & Kirkland, 2018). Additionally, chronological age is
also the main risk factor for frailty, immobility, and decreased physical resilience (Tchkonia &
Kirkland, 2018). The prevalence of these age-related problems tends to cluster, leading to co- or
multi-morbidity (Tchkonia & Kirkland, 2018). With an increasingly aging population, if the
average onset of chronic disease and ill health remains unchanged, an increased lifespan would
lead to more years of ill health (Fries, 1980; Fries, 1996). This idea is also referred to as ‘healthy
life expectancy’ which can be determined by chronic conditions that become more common with
increasing age (Khaw, 1997). This includes chronic conditions such as cardiovascular disease
(e.g., coronary heart disease and stroke), musculoskeletal diseases (e.g., arthritis and
osteoporosis), neurodegenerative disorders (e.g., depression), cancers (e.g., lung, breast, prostate,
and colorectal cancers) and other degenerative conditions (e.g., visual loss from cataracts,
macular degeneration, glaucoma, and hearing loss) (Khaw, 1997). Each of these conditions
individually, and aggregated, threaten the number of years an individual may live while
maintaining health, or reducing an individual’s healthy life expectancy. Therefore, reducing or
postponing the onset of the common conditions may reduce premature death, increase overall
longevity, and even decrease the period of illness prior to death, affording people to remain
healthy (Khaw, 1997).
The concept of remaining healthy, maintaining independence, and reducing the incidence
of common chronic conditions among our aging population highlights the importance of
successful aging. The notion of successful aging suggests a state of health and vitality throughout
an individual’s lifespan (Franklin & Tate, 2009). The use of the phrase successful aging to
identify healthy older adults began in the 1950s, gaining popularity until its use exploded in the
21st century (Franklin & Tate, 2009). In the year 1961, Havighurst was the first to highlight the
expression of successful aging and defined it as adding life to the years and getting satisfaction
from life (Franklin & Tate, 2009). Consequently, other scholars began formulating criteria and
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factors making up successful aging such as autonomy, satisfaction with life, self-actualization,
self-efficacy, self-worth, longevity, physical functioning, and lack of disability (Franklin & Tate,
2009). Following the definitions of successful aging, heightened interest in the concept began in
the year 1987, when Rowe and Kahn described older adults with better than average
physiological characteristics as ‘successful agers’ (Franklin & Tate, 2009). Additionally, they
believed that aging research should focus on health promotion and disease prevention to convert
usual agers to successful agers (Franklin & Tate, 2009). Despite this, there remains a large
variability with respect to the health of older adults. However, the more traditional viewpoint is
that an older adult with minimal physiologic (and cognitive) loss may be viewed as having aged
successfully (Rowe & Kahn, 1987). Rowe and Kahn (1997) then further defined successful aging
as including three main components: low probability of disease and disease-related disability,
high cognitive and physical functional capacity, and active engagement with life. They emphasize
that successful aging is more than the absence of disease and the maintenance of functional
capacities, as there also needs to be a component that recognizes active engagement with life
(Rowe & Kahn, 1997). The first component, low probability of disease, refers not only to the
absence or presence of disease itself, but also the absence, presence, or severity of risk factors for
disease (Rowe & Kahn, 1997). The second component, high functional level includes both
physical and cognitive capacities, which can serve as potentials for activity and can help us
understand the capability of an individual (Rowe & Kahn, 1997). Lastly, an active engagement
with life may take many forms. However, this component is typically most concerned with
interpersonal relations and productive activity (Rowe & Kahn, 1997). Interpersonal relations
include contacts and transactions with others, exchange of information, emotional support, and
direct assistance. Additionally, an activity is productive if it creates societal value, whether it is
reimbursed or not, for example, taking care of a family member or volunteering (Rowe & Kahn,
1997). Currently, the aging process is typically accompanied by significant declines in several
domains, such as physical, cognitive, and/or social functioning, leading to a loss of independence
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and QoL (King & King, 2010). With increasing age, structural and functional deterioration occurs
in most physiological systems and these age-related physiological changes affect a broad range of
tissues (Chodzko-Zajko et al., 2009; Khaw, 1997). These age-related changes (i.e., muscle
weakness, loss of subcutaneous fat), also appear to underlie major chronic diseases, geriatric
syndromes, and the loss of physical resilience (Tchkonia & Kirkland, 2018). Thus, aging can be
associated with increasing disability, loss of independence, and an increased susceptibility to
chronic disease. Although there are competing views as to how successful aging can be defined,
the biomedical approach that seemingly promotes health, vitality, strength, and cognition,
dominates the traditional viewpoints of most individuals. Several organizations and products have
profited from the fear of aging that is associated with sickness, weakness, and forgetfulness.
Thus, there continues to be a body of knowledge attempting to fully understand various agerelated changes and what interventions (e.g., exercise) can be implemented to slow, minimize, or
stop the onset of aging.
Advancing age is associated with structural and functional deterioration in most
physiological systems, even in the absence of disease (Chodzko-Zajko et al., 2009). These agerelated changes affect a broad range of tissues, organ systems, and functions, which ultimately
impact ADLs and maintaining independence (Chodzko-Zajko et al., 2009). Interestingly, the most
important determinant of cardiovascular health is age (North & Sinclair, 2012). The prevalence of
cardiovascular disease increases among adults older than the age of 65 years, and especially
among individuals older than 80 years of age. For example, the incidence of cardiovascular
disease has been projected to increase by ten percent between the years 2010-2030 (Heidenreich
et al., 2011). Across this 20-year span, it was reported that an additional 27 million people are
expected to have hypertension, 8 million will have coronary heart disease, four million will
experience a stroke, and three million will have heart failure due to the increasingly aging
population (Heidenreich et al., 2011). The cardiovascular system plays a vital role in the health
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and longevity of our lifespan by delivering oxygenated blood to all tissues in the body (North &
Sinclair, 2012). However, progressive changes in the structure and function of the heart and
arteries occur throughout life (Lakatta, 2015). Age-related changes in the cardiovascular system
may lead to other health-related complications such as atherosclerosis, hypertension, myocardial
infarction, and stroke (Lakatta & Levy, 2003a). Aging cardiovascular tissues are exemplified by
pathological changes such as hypertrophy, altered left ventricular (LV) diastolic function,
diminished left ventricular (LV) systolic reverse capacity, increased arterial stiffness, and
impaired endothelial function (Lakatta & Levy, 2003a; Lakatta & Levy, 2003b). Furthermore, the
prevalence and incidence of hypertension, atherosclerosis, and coronary and cerebral artery
diseases increases sharply at the age of 45 years among men and approximately a decade later for
women (Lakatta, 2015). Interestingly, hypertension was once thought to represent a normal and
progressive component of the aging process (Michael & Shaughnessy, 2006). However, it is now
recognized as a vital component of structural and physiologic abnormalities of vascular function
(Michael & Shaughnessy, 2006). The long-term disability of these diseases (i.e., hypertension,
atherosclerosis) may also lead to an age-associated increase in the prevalence of congestive heart
failure and stroke (Lakatta, 2015; Michael & Shaughnessy, 2006). Additionally, the main
cardiovascular changes associated with aging include reduced maximal heart rate, ejection
fraction, and cardiac output with exercise (Stratton et al., 1994). Aging is accompanied by a
moderate increase in the thickness of the left ventricular (LV) wall, even in the absence of
hypertension (Gerstenblight et al., 1997). Normally, the cardiac rhythm is regulated by the
autonomic nervous system. However, the effects are decreased with aging (Docherty, 1990). At
rest, the cardiac rhythm is not considerably altered with aging, whereas during exercise, the
maximum heart rate is lower among older adults compared to their younger counterparts (Lakatta
& Sollot, 2002). This reflects the decreased reserves of cardiac output and decreased aerobic
capacity among older adults (Lakatta & Sollot, 2002). Furthermore, there is a progressive
reduction in aerobic capacity, which can be evaluated through maximum oxygen consumption
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(VO2max) (Karavidas et al., 2010). VO2max decreases by 30-40% per decade among healthy
men and women. For example, on average women at the age of 80 years will have a VO2max of
approximately 15-20 ml/kg/min, whereas in comparison, an average woman at the age of 30 will
have a VO2max of approximately 34-37 ml/kg/min (Pimentel et al., 2003). With aging, the
decrease of VO2max is due to a parallel reduction in cardiac output and arteriovenous oxygen
difference (Pimentel et al., 2003). This maximum cardiac output (i.e., the amount of blood
pumped by the heart through the circulatory system each minute) is decreased mainly because of
the reduction in heart rate by one pulse/min/year (Pimentel et al., 2003). Moreover, the stroke
volume is also altered during aerobic exercise, as well as ejection fraction (i.e., the amount of
blood (percentage) that is pumped by the left ventricle with each contraction) (Nussbacher et al.,
1999). During maximum exercise, ejection fraction normally decreases from 85% in the third
decade of life, to 70% in the ninth decade (Nussbacher et al., 1999). The main changes observed
in vessels include the dilation and convolution of large arteries, and the enlargement of the
vascular lumen and thickening of the vascular wall (Virmani et al., 1991). Additionally,
endothelial cells become irregular in shape and increase in height. The structural changes
associated with aging increase the risk of arteriosclerosis (Bean, Vora, & Frontera, 2004). The
increase in arterial stiffness with age also causes changes in arterial pressure. Thus, systolic blood
pressure increases steadily, especially for individuals older than 60 years of age. However, in
comparison, diastolic blood pressure reaches a plateau in the 50s and decreases slightly after the
age of 60 years (Laurent et al., 2006). These age-related changes in the cardiovascular system,
especially regarding aerobic capacity, is due to a combination of factors such as increased body
fat, decreased muscle mass, and decreased stimulation of the sympathetic nervous system
(Karavidas et al., 2010). The cardiovascular system is one of many physiologic domains that
change with advancing age. These changes can increase an individual’s susceptibility to chronic
disease and other functional impairments.
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Advancing age is also associated with a progressive decline in bone density among both
men and women after maturity (Rowe & Kahn, 1987). As a result of the aging process, bone
deteriorates in composition, structure, and function, which increases the risk of conditions such as
osteoporosis (Demontiero, Vidal, & Duque, 2012). The deterioration of bone mass, or
osteoporosis, is of staggering importance among older adults, particularly women (Rowe & Kahn,
1987; Demontiero, Vidal, & Duque, 2012). One-third of women older than the age of 65 years
will experience vertebral fractures and by age 81 years, one-third of women and one-sixth of men
will have experienced a hip fracture (Riggs & Melton, 1986). Although it has been recognized
that osteoporosis is a process with multiple causes, aging itself has been considered a major factor
in the loss of skeletal integrity (Rowe & Kahn, 1987). Bone is a dynamic organ that serves
mechanical and homeostatic functions, undergoing a continual self-regeneration process called
remodeling – a process that removes old bone and replaces it with new bone (Riggs, Khosla, &
Melton, 2002). In the first three decades of life, there is a steady state between bone resorption
and bone formation, reaching peak bone mass between the ages of 15-20 years (Raisz & Seeman,
2001). After reaching peak bone mass, bone turnover occurs at a slower rate with a predominance
of bone resorption over bone formation (Raisz & Seeman, 2001). With aging, the remodeling
process shifts, favouring greater bone resorption and less bone formation (Demontiero, Vidal, &
Duque, 2012). Riggs and Melton (1986) indicate that there may be three separate components that
contribute to age-related bone loss. First, the effect of intrinsic aging represents a decline in bone
mass with advancing age among both men and women beginning in the 20s and 30s and includes
several identifiable physiologic processes (Riggs & Melton, 1986). The second component
represents a more rapid decline in bone mass among women following middle age, which is
accountable to the prominent effects of menopause (Riggs & Melton, 1986). Lastly, the third
component represents the net effect of “extrinsic” factors present to a variable degree among the
population that contributes to the variance in bone density among older adults. These include
preventable risk factors include cigarette smoking, heavy alcohol intake, and inadequate calcium
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intake (Riggs & Melton, 1986). Low bone mass increases the risk of fracture, but bone loss and
subsequent risk of fractures (including vertebral and hip) among older adult women or individuals
with existing fractures can be reduced by 30-50% by various treatments including vitamin D,
calcium supplementation, or biophosphates (Chapuy et al., 1992; Black et al., 1996). Throughout
the aging process, several changes occur throughout the skeletal system which can impact muscle
strength, mobility, and independence among older adults.
One of the most important changes with respect to the aging process is a progressive loss
of skeletal muscle mass and function, referred to as sarcopenia (Trombetti et al., 2016). Ageassociated loss of skeletal mass, or sarcopenia, has been identified as a major factor in the
strength decline among older adults (Goodpaster et al., 2006). Muscle mass decreases
approximately three-to-eight percent per decade after the age of 30 years and this rate of decline
is even greater after the age of 60 years (Volpi, Nazemi, & Fujita, 2004). Furthermore, from 20to-80 years of age there is approximately 30% reduction in muscle mass due to a decline in
muscle fiber size and number (Frontera et al., 2000). Muscle loss can be related to functional
impairment, disability, falls, and loss of independence among older adults (Visser et al., 2002;
Evans & Campbell, 1993; Rantanen et al., 1999; Lord et al., 1994; Rantanen et al., 2002).
Furthermore, skeletal muscle dysfunction is a debilitating condition that may lead to disability,
increased risk of mortality, and a reduced QoL (Trombetti et al., 2016; Goodpaster et al., 2006).
Since muscle strength is a critical component in maintaining physical function, mobility, and
vitality in older adulthood, it is imperative to identify the factors that may contribute to the loss of
strength among older adults (Goodpaster et al., 2006). Although the etiology of sarcopenia is not
fully understood, several mechanisms have been identified. At the cellular level, there is a
significant reduction in muscle cell number, muscle twitch time and force, sarcoplasmic reticulum
volume, and calcium pumping volume (Lexell, 1995; Vandervoort, 2002). Furthermore, the loss
of muscle strength can be associated with a loss of independence, mobility impairments, and
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ability to perform ADLs. These changes are of upmost importance to older adults, as each of
these aspects increase the risk of falling, another potential threat to the health and independence
of older adults (Trombetti et al., 2016). Furthermore, a fear of falling, which can be characterized
by a persistent feeling related to the risk of falling and not necessarily preceded by a fall, can
threaten the independence of older adults (Scheffer et al., 2008; Deshpande et al., 2008). It is
believed that fear of falling may be associated with a loss of confidence, restriction of activities,
and social withdrawal, ultimately leading to a loss of independence (Vella et al., 1987; Cumming
et al., 2000). The relationship between age-related muscle loss and falling was examined by
Trombetti et al. (2016). They investigated the association between muscle mass, strength and
power, physical performance, fear of falling, and QoL throughout a three-year period among
older adults 70 years of age and older (Trombetti et al., 2016). Based on the results from the
study, Trombetti et al. (2016) determined that decreasing muscle mass and physical performance
were independently associated with declining physical QoL. They also observed independent
associations between muscle mass, strength, power, physical performance, and increased fear of
falling (Trombetti et al., 2016). Thus, there is evidence that highlights the importance of
maintaining and improving muscle strength and skeletal muscle health with increasing age.
Sarcopenia and age-related muscle changes can also cause changes in balance, mobility,
and gait. Walking, for example, is an activity that is performed more frequently than other
sensorimotor tasks in everyday life, while gait and balance disorders are among the most common
causes of falls in older adults (Nevitt et al., 1989; Rubenstein & Josephson, 2002; Rubenstein &
Josephson, 2006; Rubenstein & Josephson, 2001). For example, mobility, gait, and balance
impairments often lead to injury, disability, loss of independence, and diminished QoL (Nevitt et
al., 1989; Rubenstein & Josephson, 2002; Rubenstein & Josephson, 2006; Rubenstein &
Josephson, 2001; Thurman, Stevens, & Rao, 2008; Sudarsky, 2001; Chu, Chi, & Chiu, 2005;
Tinetti, Speechley, & Ginter, 1988). However, most gait changes that occur among older adults
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are not inevitable and may be reversed with proper balance and exercise training. Gait and
mobility rely on complex, simultaneous interaction of the motor system, sensory control, and
cognitive functions (Aboutorabi et al., 2016). Additionally, gait disorders are common among
older adults, with the prevalence increasing with age. At the age of 60 years, 85% of people have
a normal gait. In comparison, at the age of 85 years or older this percentage significantly drops to
18% (Sudarsky et al., 2001). Additionally, abnormal gait has been associated with a greater risk
for adverse outcomes such as immobility, falls, and dementia, which in turn can lead to loss of
functional independence and death (Guralnik et al., 2000). Determining abnormal gait can be
challenging, because there are no clearly accepted standards to define a normal gait among older
adults (Alexander, 1996). However, some characteristics of gait changes associated with aging
have been identified, including reduced gait velocity and stride length, increased stance width,
increased time spent in double support phase (i.e., both feet on the ground), and a bent posture
(Salzman, 2010). Aboutarabi et al. (2016), conducted a review to evaluate the literature that
measured gait parameters among healthy older adults. Investigators found that age-associated
changes in step parameters produce a reduction in the symmetry and length of the step and an
increase of step time and step width (Aboutorabi et al., 2016). It is possible that the increased
energy cost of walking, compensation for muscle weakness, and balance impairments may
explain the changes in walking speed and stride parameters (Aboutorabi et al., 2016). As
sarcopenia is age-related, it is not considered treatable. However, it can be delayed. Furthermore,
the impact of sarcopenia, and other age-related factors, can be studied more specifically in
relation to individual chronic conditions.
The age-related changes discussed above all have an impact on the risk of stroke
occurrence and post-stroke rehabilitation. Stroke is a leading cause of mortality and morbidity
among older adults (Hickey et al., 2009). Many risk factors have been established for stroke,
including hypertension, high cholesterol, diabetes, and smoking, which can all be prevented
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through lifestyle changes (Hickey et al., 2009). However, advancing age has also been identified
as a significant risk factor for stroke and for recovery following stroke (Bagg, Pombo, &
Hopman, 2002). For each successive ten years after the age of 55 years, the stroke rate more than
doubles among both men and women (Carolei et al., 1997). The incidence of first stroke increases
with age, affecting 2.28/1,000 older adults between the ages of 55-64 years and increasing to
24.23/1,000 among individuals 80 years of age and older (Carolei et al., 1997). Additionally,
older adulthood is considered a disabling factor and negative risk factor for stroke rehabilitation
(Paolucci et al., 2003). For example, Jongbloed (1986) reviewed 14 studies, each finding age to
be negatively correlated with function at or after discharge following a stroke. Therefore, with
aging comes an increased risk of stroke, and clinical and function consequences may be
compounded by other conditions associated with aging (Stratton et al., 1994). However, it is
difficult to assess whether age itself has a negative influence on functional outcome or if ageassociated factors such as heart disease, hypertension, diabetes, and impaired cognitive function
play a role (Bagg, Pombo, & Hopman, 2002). Age is also an independent predictor of outcome
after suffering an ischemic stroke (Stratton et al., 1994). Older patients, especially individuals 80
years of age and older, are more likely to die in the hospital after stroke and less likely to achieve
a favourable long-term recovery (Chodzko-Zajko et al., 2009). Even with identical stroke
severity, increasing age was associated with greater disability in performing ADLs and mobility
(Stratton et al., 1994). Older adults 85 years and older were nearly ten times more likely to show
a low response to rehabilitation with respect to ADLs, and nearly six times as likely to show low
response in mobility compared to their younger counterparts (Paolucci et al., 2003). A possible
explanation for poor functional outcome among older stroke patients may be due to ageassociated factors such as greater stroke severity, co-morbidity, and frailty (Falconer et al., 1994).
Furthermore, patients 85 years of age and older show greater disability while performing ADLs
and mobility than younger patients at admission despite the same stroke severity (Paolucci et al.,
2003). Paolucci et al. (2003), compared 150 stroke patients divided into five age groups; 50 years
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of age or younger, 51-64 years of age, 65-74 years of age, 75-84 years of age, and 85 years of age
and older, to assess the specific influence of age on basal functional status and rehabilitation
results. They found that older adults showed some degree of disability prior to stroke, specifically
with mobility measures compared to their younger counterparts. Investigators suggested that the
greater functional disability among older stroke survivors most likely reflect several age-related
factors (Paolucci et al., 2003). Interestingly, rehabilitation results also decreased with age as
functional outcome was worse among older adults older than 85 years of age, compared to their
younger counterparts (Paolucci et al., 2003). Nevertheless, rehabilitation treatment is still
valuable for patients older than 85 years because even small changes in function can improve
independence and QoL (Stratton et al., 1994). Although the risk of stroke increases significantly
with age, it is not an inevitable consequence of aging. Recent medical advances have afforded
stroke mortality to decrease, along with severity, resulting in greater number of older adults who
survived a stroke (Stratton et al., 1994). However, with an increasingly aging population, the
magnitude of stroke is expected to grow throughout the next few years (Stratton et al., 1994).
Following stroke, regular exercise can facilitate muscle recovery and can also help control the
common comorbidities that influence recurrent stroke risk (Stratton et al., 1994).
The interaction between physical activity, exercise, health, and biological aging is
complex and multifaceted (Singh, 2004). However, the role of exercise as a therapeutic
intervention to age-related changes has become increasingly popular. It is important to note that
although the benefits of exercise are well-understood, there are currently no lifestyle
interventions, including exercise, that have been known to maximize lifespan in humans
(Chodzko-Zajko et al., 2009). However, exercise can reduce hypertension, enhance glucose
regulation, improve blood lipid profiles, and reduce body fat (Stratton et al., 1994). In comparison
to maximizing the human lifespan, regular physical activity increases average life expectancy
through its influence on chronic disease development and age-related changes (Chodzko-Zajko et
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al., 2009). For example, physical activity enhances physiological functioning, mitigates the
development of chronic disease and disease-related morbidities, and lowers the risk of cognitive
dysfunction (Crews, 2003). With the strong link between physical inactivity and all-cause
mortality, chronic diseases and health conditions that have been strongly linked with an inactive
lifestyle include cardiovascular disease, stroke, type 2 diabetes, some forms of cancer (i.e., colon,
breast), depression, dementia, decline in physical function, and weight gain (Tchkonia &
Kirkland, 2018). In a study for which centenarians (100 years of age and older) and other longlived individuals were studied, their longevity was often attributed to a healthy lifestyle, regular
exercise, maintaining a social network, and maintaining a positive mental attitude (ChodzkoZajko et al., 2009). Furthermore, the physiological factors that are most frequently associated
with longevity and successful aging include low blood pressure, low body mass index and central
adiposity, preserved glucose tolerance and an atheroprotective blood lipid profile (ChodzkoZajko et al., 2009). Hence, regular physical activity is one of the most prominent lifestyle
interventions that can favorably influence a broad range of physiological systems and chronic
disease risk factors (Chodzko-Zajko et al., 2009).
Types of Exercise Interventions
Poor health, disability, and dependency are often associated as inevitable consequences
of aging (Cadore et al., 2013). However, older adults who practice healthy lifestyles, avoid
sedentariness, participate in physical exercise (i.e., walking, strength training, or self-adjusted
physical activity), use preventative health services, and continue to engage with family and
friends are more likely to remain healthy, live independently, and incur fewer health-related costs
(Yamada et al., 2012). Nonetheless, it is estimated that 32% of community-dwelling adults 70
years of age or older have difficulties in physical functioning and 20% have difficulty performing
at least one ADL (Kramarow et al., 1999). Furthermore, reductions in physical activity are
associated with significant impairments in function and may increase the risk of disability and
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chronic disease (Bean, Vora, & Frontera, 2004). Therefore, regular exercise can reduce
morbidity, reverse physiologic impairments, improve functional impairment, and can be
important means of both preventing and treating chronic disease (Bean, Vora, & Frontera, 2004).
There are growing amounts of evidence that not engaging in physical activity can have negative
consequences on an individual’s health, as there is ample evidence illustrating the benefits of
participating in various types of physical activity.
Advancing age is a complex process involving many variables (e.g., genetics, lifestyle
factors, chronic diseases) that interact with one another and participating in regular physical
activity (e.g., aerobic and strengthening exercises) can elicit a number of favorable responses that
can contribute to healthy aging (Mazzeo et al., 1998). However, prior to discussing the benefits of
participating in regular exercise for older adults, it is important to understand the varied outcomes
exercise can influence (Bean, Vora, & Frontera, 2004). These include morbidity, mortality,
function, disability, and psychobehavioural outcomes such as self-efficacy and QoL (Bean, Vora,
& Frontera, 2004). Early research regarding exercise interventions for older adults was directed at
reversing age-associated physiologic impairments (i.e., reduced aerobic capacity, muscle
weakness) (Bean, Vora, & Frontera, 2004). The goal of reversing age-associated physiologic
impairments stems from the perception that these changes are very similar to those associated
with physical inactivity and may be reversed with exercise (Bean, Vora, & Frontera, 2004).
Additionally, it is common to experience impaired physical function and functional declines such
as lower limb weakness, poor balance, and other physical impairments with increasing age
(Cadore et al., 2013). Functional capacity has also become an important focus of exercise
interventions in older adults, as it has a major influence on ADLs and QoL (Cadore et al., 2013).
According to a systematic review investigating the effects of exercise interventions on the
functional capacity of older adults (e.g., risk of falls, gait ability, and balance), interventions such
as resistance training, balance and coordination training, endurance training, multi-component
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exercises (i.e., simultaneous strength, endurance, and balance training), and Tai Chi, yielded
beneficial effects on certain functional parameters and age-related declines (Cadore et al., 2013).
Another key finding was that in addition to reducing the physical impairments associated with
aging (e.g., loss of muscle mass and strength), exercise interventions targeting older adults should
also focus on reducing the number of falls (Cadore et al., 2013). For example, a history of
injurious falls can be associated with an increased risk and occurrence of severe functional
declines, and increasing the risk of disability among older adults, especially individuals classified
as frail (Cadore et al., 2013). Although there is literature that affords a more in-depth glance at
exercise interventions for older adults, there does appear to be a lack of studies that clearly target
fall prevention if the primary outcome(s) focuses on more physiological parameters of functional
ability.
Common exercise interventions such as endurance training and resistance training, can
reduce morbidity, reverse physiologic impairments, ameliorate functional loss, and are an
important means of both preventing and treating chronic disease (Bean, Vora, & Frontera, 2004).
Even when initiated in older adulthood, exercise continues to improve mortality rates and has a
strong influence on longevity even when accounting for factors such as smoking, hypertension,
family history, and weight gain (Bean, Vora, & Frontera, 2004). Although exercise interventions
for older adults can be focused on general outcomes such as functional capacity, specific exercise
interventions can be targeted to more specific chronic conditions. Endurance training can help
maintain and improve various aspects of cardiovascular function, measured by VO2max, cardiac
output, and arteriovenous O2 difference (Mazzeo et al., 1998). Furthermore, endurance training
may result in reductions in risk factors associated with disease states (i.e., heart disease, diabetes,
etc.), improve health status, and increased life expectancy (Mazzeo et al., 1998). Strength training
helps offset the loss in muscle mass and strength typically associated with aging and these
strength gains may have a large impact on independence and performance on ADLs for older
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adults (Mazzeo et al., 1998). Additional benefits from regular physical activity may include
improved bone health and reduced risk of osteoporosis, improved postural stability, thereby
reducing the risk of falling and associated injuries, and increased flexibility and range of motion
(Mazzeo et al., 1998). While participation in physical activity may not always elicit favorable
changes in physiological performance and fitness for older adults, it does improve overall health
status (i.e., reducing disease risk factors) and functional capacity (Mazzeo et al., 1998).
Resistance Training
Common changes associated with aging includes reduced muscle mass and strength,
which are typically targeted with resistance training. Therefore, the primary focus of resistance
training among any population is muscle growth and increasing strength. Although increasing
muscle growth and strength is a primary focus for older adults as well, the aim to enhance muscle
growth stems from an effort to counteract the age-related muscle loss known as sarcopenia
(Hunter, McCarthy, & Bamman, 2004). Alongside an increase in muscle mass and strength,
resistance training has been shown to improve neuromuscular activity, power, functional
capacity, as well as cardiovascular function, when prescribed in combination with aerobic
exercise (Hunter, McCarthy, & Bamman, 2004; Moritani & de Vries, 1980; Frontera et al., 1988;
Häkkinen et al., 2001; Izquierdo et al., 2001; Cadore et al., 2012a). Therefore, the effects of a
resistance training program for older adults may result in positive muscle strength gains and may
also have positive effects on gait and mobility (Cadore et al., 2013). Importantly, it is believed
that resistance training programs that are performed three times per week, with three sets of 8-to12 repetitions and an intensity starting at 20-30% and progressing to 80% of one rep max (1RM)
may be well tolerated by frail older adults, as stated by Cadore et al. (2013). Moreover, Fiatarone
et al. (1994), studied the adaptations induced by resistance training among 100 frail older men
and women, for which the participants underwent resistance training that consisted of three sets
of eight repetitions at 80% 1RM, three times a week for ten-weeks. Investigators revealed that
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following the ten-week resistance training program, the resistance training groups improved their
habitual gait velocities, stair-climbing abilities, and overall levels of physical activity compared to
the placebo groups (Fiatarone et al., 1994). Resistance training may also be used to enhance
functional outcomes, such as performance on ADLs. The ability to perform tasks of daily living
reaches a peak in the early thirties and thereafter declines with advancing age (Fiatarone et al.,
1994). Although physical activity can modify the declines, it occurs regardless of previous
activity levels (Hunter, McCarthy, & Bamman, 2004). The decreased ability to perform tasks
with age may result from a variety of factors, including muscle weakness and increased fat mass
(Hunter, McCarthy, & Bamman, 2004). However, most functional tasks performed in day-to-day
life are of relatively short duration and therefore are not strongly related to aerobic capacity but
hold a stronger relationship with muscle strength and power (Hughs, Myers, & Schenkman, 1996;
Rantanen & Avela, 1997; Rantanen, Periie, & Heikkinen, 1996). Therefore, if only one type of
exercise is chosen to improve a fitness goal among older adults, resistance training may be a
better fit to improve independence and the ability to perform daily tasks (Hunter, McCarthy, &
Bamman, 2004). Resistance training among older adults markedly increases muscle mass,
strength, and power, reduces the difficulty of performing daily tasks, enhances energy
expenditure and body composition, and promotes participation in physical activity (Hunter,
McCarthy, & Bamman, 2004).
As noted, previous literature used forms of endurance and resistance training to evaluate
physiologic outcomes (Bean, Vora, & Frontera, 2004). However, when researchers began to
include functional outcomes as part of exercise interventions, inconsistencies arose with
improvements not always leading to functional enhancements (Bean, Vora, & Frontera, 2004).
Endurance exercise such as walking or bicycling, has a weak influence on functional outcomes
(Bean, Vora, & Frontera, 2004). This form of exercise typically shows strong effects on
cardiovascular impairments, leading to improvements in morbidity and mortality (Bean, Vora, &
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Frontera, 2004). However, when functional outcomes are measured in endurance exercise
interventions there has been limited improvements (Bean, Vora, & Frontera, 2004). Additionally,
Bean et al. (Bean, Vora, & Frontera, 2004), stated that the relationship between impairments and
function is nonlinear. Buchner et al. (1991), originally described that a threshold exists after
which enhancements in an impairment, such as strength, will no longer add to continued
improvements in function. They also suggested that an increase in strength could produce
significant improvements in function among frail nursing home residents but produce minimal
effects on the function among healthy older adults (Buchner et al., 1991). Therefore, progressive
resistance training (PRT) can be utilized as an optimal means of enhancing and maintaining
function among older adults (Bean, Vora, & Frontera, 2004). In this training method, the load is
gradually increased to facilitate adaptation (Tibaek et al., 2014). More specifically, it refers to the
progressive increases in resistance to a muscle as training induces greater ability to sustain and
produce force (Yang et al., 2006). Progressive resistance training can be used as an effective
method in improving muscle strength because it induces higher levels of neuromuscular
activation than functional exercises (Andersen et al., 2006). Furthermore, previous research
seems to typically involve community dwelling older adults and long-term care residents. Tibaek
et al. (2014), evaluated the effect on functional outcomes of progressive resistance strength
training as additional training for older hospitalized patients. Although the effect of progressive
resistance strength training as additional training showed no statistically significant improvement
on the measured functional outcomes, the treatment group improved more than the control group
in all outcome variables including Timed Up and Go test, 30-second chair-stand test, ten metre
walk test, Barthel Index (i.e., transfer, walking), and use of walking aids (Tibaek et al., 2014). In
comparison, Tsutsumi et al. (1997), conducted a study to explore the possible benefits of strength
training on various health variables among community-dwelling older adults. After 12-weeks,
both high and low intensity strength programs were associated with marked improvements in
physiological fitness and psychological functioning (Tsutsumi et al., 1997). More specifically,
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participants in the strength training group improved overall muscle strength by almost 40% and
reduced body fat by three percent (Tsutsumi et al., 1997). Additionally, researchers found
favourable changes in mood trait anxiety, and perceived confidence for physical capability
(Tsutsumi et al., 1997). Overall, the results of the study demonstrated positive effects on overall
physical fitness, mood, and physical self-efficacy among older adults (Tsutsumi et al., 1997).
Additionally, progressive resistance training has been thought to be effective in improving muscle
strength following stroke (Andersen et al., 2006). Yang et al. (2006), examined the effectiveness
of a four-week task-oriented progressive resistance strength training on lower extremity strength
and functional performance in chronic stroke patients. Progressive resistance strength training has
demonstrated to improve muscle strength following a stroke. More specifically, task-oriented
programs have yielded improvements in lower extremity strength and functional performance
(Yang et al., 2006). Most importantly, resistance training can be used to improve muscle mass
and strength which can play an important role on independence, QoL, and functional performance
among older adults.
Endurance Training
Along with a reduction in functional ability, aging is also associated with a decline in
cardiorespiratory capacity that is primarily associated with a decrease in maximal cardiac output
caused by a reduced maximum stroke volume and heart rate, along with changes in the oxygen
arteriovenous difference (Astrand et al., 1973). Endurance training is typically utilized to combat
these changes yet may pose some challenges due to some of the functional declines associated
with aging (Cadore et al., 2013). Typical endurance exercises for older adults may include
walking with changes of pace, treadmill walking, step-ups, stair climbing, and cycling (Cadore et
al., 2013). For older adults, it is recommended that these exercises begin with a duration of fiveto-ten minutes in the first few weeks of training, progressing to 15-to-30 minutes of the remainder
of the exercise intervention (Freiberger et al., 2012; Lord et al., 2003; Hagedorn & Holm, 2010).
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Participation in regular endurance exercise has shown to increase VO2max among both young
and middle-aged adults. Therefore, it is believed that endurance training could reverse the agerelated declines in aerobic power if older adults are able to increase VO2max (Seals, Hagberg, &
Hurley, 1984). Seals et al. (1984), aimed to determine the separate effects of prolonged lowintensity (LI) and high-intensity (HI) endurance training on VO2 max among healthy men and
women 60 years of age and older. Based on the results of the study, the authors indicated that 12months of endurance exercise training can elicit increases in VO2 max among healthy older
adults of equal magnitude than that of younger and middle-aged adults (Seals, Hagberg, &
Hurley, 1984). Even a moderate increase in daily physical activity throughout a six-month period
can result in a small but significant increase in VO2 max (Seals, Hagberg, & Hurley, 1984). In
addition, Stewart et al. (1993), aimed to determine the relationship between participation in
different intensities and formats of exercise engaged throughout a one-year period and healthrelated QoL in sedentary, healthy adults aged 50-to-65 years of age. The researchers found that
greater levels of endurance exercise participation throughout the one-year period were
statistically significantly associated with better ratings of physical health, physical functioning,
pain, and current health perceptions (Stewart, King, & Haskell, 1993). Endurance exercise
training can also be utilized in stroke rehabilitation, as stroke-related impairments such as reduced
mobility may also lead to a decrease in cardiorespiratory fitness, in addition to age-related
changes in the cardiovascular system (Globas et al., 2012). Even in chronic stroke patients, three
months of progressive aerobic treadmill exercise may lead to clinically relevant benefits in
cardiovascular fitness, walking endurance, maximum gait speed, balance, self-rated functional
mobility, and QoL (Globas et al., 2012).
Balance Training
Older adults also experience changes in the sensorimotor and neuromuscular system that
negatively affect performance in static and dynamic postural control (Maki & McIlroy, 1996).
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Postural control and balance are an important factor for older adults because it can increase the
risk of falling in this population. Therefore, balance training is another type of exercise
intervention that is aimed at QoL, independence and functional performance among older adults,
but also specifically aimed at preventing falls (Cadore et al., 2013). The effects of balance
training have been examined with respect to improving age-related declines in balance
performance among the older population and preventing falls (Lesinski et al., 2015a). Balance
training primarily aims at improving postural control by challenging the alignment of the body’s
centre of gravity with regard to the base of support (i.e., feet) (Kim et al., 2012). However, this
type of exercise intervention can be difficult to assess alone on the risk of falls as it is typically
included in part of multi-component exercise programs (Cadore et al., 2013). Tandem foot
standing, multi-directional weight lifts, heel-toe walking, line walking, stepping practice, standing
on one leg, catching/ throwing a ball, alternating the base of support, weight transfers, and
modified Tai Chi are examples of exercises that are typically included in balance training
interventions (Hagedorn & Holm, 2010; Kim et al., 2012; Barnett et al., 2003). It should be noted,
it appears that the majority of these programs focus on the lower limb. Lesinski et al. (2015a),
conducted a systematic review and meta-analysis of 23 studies to quantify balance training
intervention effects on balance outcomes (i.e., static, dynamic, steady-state, proactive balance,
and reactive balance) and to characterize dose-response relationships of balance training
modalities (i.e., training period, training frequency, and training volume). They surmised that
balance training is effective in improving measures of static/dynamic steady-state, proactive, and
reactive balance as well as performance in balance test batteries among healthy old age (Lesinski
et al., 2015a). Additionally, the general and specific dose-response relationship for overall
measures of static steady-state balance revealed that a training period of 11-to-12 weeks with a
frequency of three sessions per week, a total number of 36-40 training sessions, a duration of a
single training session of 31-45 minutes, and a total duration of 91-120 minutes of balance
training per week is the most effective to improve balance (Lesinski et al., 2015a; Lesinski et al.,
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2015b). However, it should be highlighted that this review included 23 studies that featured
healthy older adults. Although how healthy older adult is defined can differ, it could be argued
that these are the individuals who may not be the target audience needing a balance or fall
prevention intervention. Nonetheless, statistically significant outcomes were found.
Furthermore, balance-related problems may also result in considerable health and social
services costs because of the loss of confidence, injury, inability to maintain a safe environment,
and dependence in basic functional activities (Steadman, Donaldson, & Kalra, 2003). Therefore,
with the age-related declines in balance and postural control, the risk of falling significantly
increases. Steadman et al. (Steadman, Donaldson, & Kalra, 2003), evaluated the effectiveness of
enhanced balance training in improving mobility and function among older adults with impaired
balance to assess mobility changes and fall risk. Enhanced balance training was shown to
significantly improve balance and mobility among patients with balance problems (Steadman,
Donaldson, & Kalra, 2003). Additionally, enhanced balance training may improve confidence
and QoL, which are important factors in relation to falls and fall risk among older adults
(Steadman, Donaldson, & Kalra, 2003). Furthermore, perturbation-based balance training (PBT)
has gained popularity and is a task-specific intervention that aims to improve reactive balance
control following destabilizing perturbations in a controlled environment (Steadman, Donaldson,
& Kalra, 2003). Participants are exposed to unexpected balance perturbations (i.e., treadmill
accelerations, waist pulls, cable-based trips, etc.) during ADLs such as standing, walking, or
rising from a chair (Steadman, Donaldson, & Kalra, 2003). Balance training interventions have
shown improvements in balance-related measures and thus play a vital role in fall prevention
among health older adult participants with interventions focusing on the lower limbs.
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Multi-Component Exercise Interventions
Physical activity and regular exercise should focus on improving functional fitness by
engaging in cardiorespiratory, flexibility, strength, and balance training three-to-five days per
week (Nelson et al., 2007; Topp, Fahlman, & Boardley, 2004; U.S Department of Health and
Human Services). Therefore, in order to maintain and improve physical functioning among older
adults, research has proposed that exercise training should include aerobic, strengthening,
flexibility, and balance training (Jurstine et al., 2012). Multi-component exercise appears to be
the most effective of interventions for improving the overall health status of frail older adults
(Cadore et al., 2013). In general, multi-component exercise programs that specifically include
strength and power, endurance, and balance training present a better profile to improve functional
impairments among older adults (García-Molina et al., 2018). For example, multi-component
exercise programs that include strength and power training have added benefits for cardiovascular
and respiratory function, cognitive and affective status, increased socialization, reduced frailty,
sarcopenia, falls, and fear of falling (García-Molina et al., 2018). Positive effects on functional
capacity among older adults are often observed following a multi-component exercise
intervention (i.e., strength, endurance, balance) compared with when only one type of exercise is
performed (Lord et al., 2003; Kim et al., 2012; Barnett et al., 2003; Villareal et al., 2012). It is
well known that resistance training interventions are recommended to improve neuromuscular
function, endurance exercise programs are recommended to enhance cardiovascular function, and
balance training stimulates improvements on balance performance measures (Moritani & de
Vries, 1980; Izquierdo et al., 2001; Cadore et al., 2012). Justine et al (2012)., aimed to measure to
effects of 12-week multi-component exercise training on physical functioning among
institutionalized older adults. The exercise program incorporated all components of physical
exercise, including aerobic, strengthening, balance, and flexibility training. The results of the
study supported that exercise interventions which integrated the elements of a multi-component
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exercise intervention improved cardiorespiratory endurance, muscle strength, and balance
measures (Petrella, 1999). The majority of the frail older adults that participated in this study
experienced positive benefits to the multi-component exercise program (Jurstine et al., 2012).
Overall, multi-component exercise programs can be utilized to improve functional status,
performance ADLs, and QoL. However, multi-component exercise programs could also be used
to combat a specific goal if they are designed with more emphasis on one type of intervention
(Cadore et al., 2013).
Although pharmaceuticals tend to be the gold standard treatment for almost all medical
conditions, a multi-component exercise program may yield positive functional benefits among
older adults at risk of falling (García-Molina et al., 2018). The American College of Sports
Medicine (ACSM) and the American Heart Association (AHA) recommend that to reduce the
risk of fall-related injury, community-dwelling older adults with substantial risk of falls should
perform exercises that maintain balance (Nelson et al., 2007). Furthermore, Chodzko-Zajko et al.
(2009), emphasized that multi-component exercises, including strength training, balance training,
and Tai Chi have been shown to be effective in reducing the risk of falls in populations who are at
an increased risk of falling. A Cochrane meta-analysis investigated fall rates and risks obtained
from 159 studies on fall-prevention interventions in approximately 80,000 community-dwelling
older adults (Gillespie et al., 2012). It was reported that multi-component exercise interventions
reduced fall risk by 15% in both home-based exercise intervention as well as group-based
interventions (Gillespie et al., 2012). Interestingly, Sherrington et al., (2008) conducted a metaanalysis including 44 randomized controlled trials and found that up to 42% of falls can be
prevented by a well-designed exercise program. Among the different exercise interventions
discussed above, multi-component exercise programs (i.e., programs including different exercise
modalities) seem to be the most effective fall-prevention strategy in community-dwelling older
adults (Karlsson et al., 2013).
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In multi-component exercise interventions, the two most important components for fall
prevention is balance training and strength training, followed by flexibility and endurance
training (Gillespie et al., 2012). Best practice recommendations for balance training in fall
prevention interventions should include standing exercises with a gradually reduced base of
support, dynamic movements that perturb the centre of gravity, stress postural muscle groups, and
modify sensory inputs (Chodzko-Zajko et al., 2009). Therefore, exercise interventions in fall
prevention should aim the challenge balance. Sherrington et al. (2011), stated that balance
training for fall prevention should challenge balance in three ways. First, reducing the base of
support (i.e., standing with the legs close together, tandem stance position, and single leg stance)
(Sherrington et al., 2011). Secondly, balance training should focus on the movement of the centre
of gravity and controlling the body’s position while standing. This includes reaching safely,
transferring the body weight from one leg to another, and stepping up onto a block (Sherrington
et al., 2011). Additionally, resistance exercises may be included in fall prevention interventions in
combination with balance training (Granacher et al., 2011). As reduced muscle mass and strength
is associated with aging, and arguably balance, they are also important risk factors for falls
(Moreland et al., 2004). To be effective, strength training should overload the muscles by
providing an amount of resistance (i.e., weight or exercise band) that ensures an exercise can only
be done 10-15 times before muscles fatigue (American College of Sports Medicine, 2009). Thus,
both balance and strength training are important aspects of exercise for fall prevention,
independently and intertwined.
Inactive older adults are also at an increased risk of falling when initiating an exercise
program. For example, there is evidence that fatigue resulting from moderate to heavy aerobic
exercise (i.e., bicycling, walking) may reduce balance performance in seniors (Donath et al.,
2013; Donath et al., 2015; Stemplewski et al., 2012). This may relate more specifically to the
need for endurance training among both balance and strength training. Lord et al. (2003), found

133

that 12-weeks of a multi-component exercise intervention including aerobics, slow-to-moderate
paced walking, flexibility, balance, and weight-bearing exercises resulted in 22% fewer falls
among frail older adults compared with the control group. Similarly, Barnett et al. (2003),
investigated the effects of a one-year home-based multi-component exercise program (composed
of functional, strength, balance, and aerobic exercise) resulted in 40% fewer falls for older adults
with physical frailty. Izquierdo et al. (2012), observed that 12-weeks of progressive resistance
training (i.e., eight-ten repetitions at 40-60% 1RM) combined with balance exercise yielded
positive effects on the incidence and risk of falls, muscle strength, dual-task performance, gait,
and balance among older adults. However, the role of endurance exercise with respect to fall
prevention interventions has not been sufficiently studied; additional research is needed to fully
understand this aspect.
Previous literature highlights the importance that multi-component exercise interventions
may reduce the incidence of falls and consequently prevent disability, morbidity, and death
among older adults (Cadore et al., 2013). This is a noted finding regardless if the older adult
participants are deemed healthy or are considered frail or living with a chronic condition. Multicomponent exercise programs have many benefits in addition to fall prevention among older
adults engaged in stroke rehabilitation. Among individuals who have experienced a stroke,
patients often experience impaired balance which can be associated with instability during
standing, muscle weakness, and a limited range of motion (Jung et al., 2015). These factors were
also predictive of an increased likelihood of falls and decreased gait ability (Nyberg et al., 1995).
A fall prevention program, specifically designed for post-stroke patients, that includes multiple
components such as balance, muscle strengthening, and flexibility training can be effective for
improving gait, balance ability, and perception of the risk of falling (Jung et al., 2015). Therefore,
multifactorial fall prevention program has been shown to be effective at improving gait, balance,
and fear of falling, all important factors in stroke rehabilitation (Jung et al., 2015). Overall,
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exercise interventions for older adults can provide a number of benefits in several domains, such
as increased muscle mass and strength, improved cardiovascular health, improved balance and
flexibility, and improved general well-being.
Barriers and Motivators to Exercise Participation
Throughout the past century, even the last decade, sedentary behaviours have become a
rising concern. Health professionals and various organizations have been vigorously promoting
the adoption of physical activity to promote health and reduce risk factors for several chronic
diseases. However, despite acknowledging the potential benefits, most older adults do not engage
in regular physical activity (Chao, Foy, & Farmer, 2000). Shockingly, more than 60% of older
adults do not exercise on a regular basis, and 31% do not engage in exercise at all (U.S.
Department of Health and Human Services, 1996).
In 1996, the Surgeon General’s Report on Physical Activity and Health established the
importance of a physically active lifestyle in the prevention of chronic disease and the promotion
of health and well-being (U.S. Department of Health and Human Services, 1996). The report
linked sedentary behaviour to osteoporosis, obesity, depression, and mortality rates of coronary
heart disease, type 2 diabetes, and colon cancer (U.S. Department of Health and Human Services,
1996). Additionally, participation and maintenance of regular physical activity was recognized as
one of the most important health behaviours in preventing the onset or reducing the severity of
many chronic diseases (Schutzner & Graves, 2004). As the population of older adults continues to
rise due to the baby boomer generation reaching 65 years of age and older, the levels of physical
inactivity present a major public health issue (Schutzner & Graves, 2004). Physical (in)activity
trends illustrate that activity levels progressively decrease with age, with adults older than the age
of 65 years exhibiting the highest rates of inactivity among all age groups (Schutzner & Graves,
2004). Current estimates indicate that 66% of adults older than 75 years of age do not engage in
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any regular physical activity and 50% of sedentary adults have no intention of starting an exercise
or physical activity program (Schutzner & Graves, 2004). Therefore, identifying strategies to
facilitate engagement in exercise or physical activity is imperative to designing optimal
interventions (Schutzner & Graves, 2004; Baert et al., 2011). Furthermore, it is important to
recognize factors such as motivators or barriers for physical activity to determine the role they
play in promoting, or preventing, physical activity participation (Baert et al., 2011). Perceived
barriers and motivators to any health behaviour (i.e., physical inactivity), healthcare intervention,
or drug can greatly influence the likelihood of an individual’s uptake of that specific behaviour
(Nicholson et al., 2013).
Despite evidence supporting the participation of regular physical activity, motivating
people to participate in regular exercise can be difficult. Trying to understand what motivates
people to exercise has been the focus of exercise research in an attempt to increase participation
in regular physical activity. However, most of these investigations tend to study motivators and
barriers independently. It is important to differentiate and compare motivators and barriers
because they may be interrelated, especially among older adults. For example, an older adult who
is highly motivated to exercise may be unable to do so due to physical limitations or a lack of
access to exercise facilities and therefore, barriers arise for exercise engagement (Schutzner &
Gravevs, 2004; Newson & Kemps, 2007). Highlighting the relationship, Cohen-Mansfield, Marx,
& Guralnik (2003), compared motivators and barriers to exercise in a group of American older
adults. They found that barriers and motivators can be strongly related to each other. Investigators
also stated that health and fitness concerns were the main reasons that promote and prevent
exercise engagement (Cohen-Mansfield, Marx, & Guralnik, 2003). One of the most important
populations to target in exercise research is older adults. Therefore, aging itself may be a factor
when investigating motivators and barriers to exercise. For example, younger populations (aged
18-30 years) reported weight management, social interaction, and enjoyment as the main reasons
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for participating in exercise, whereas middle-aged adults (aged 30-60 years) reported a sense of
achievement, skill development, health benefits, social support, and enjoyment were more
important motivators (Allender, Cowburn, & Foster, 2006). Attitudes toward physical activity can
also be an element for or against engagement. Physical activity is composed of a complex set of
behaviours, making it difficult to pinpoint the factors contributing to or hindering exercise
adherence for physical activity participation (Chao, Foy, & Farmer, 2000). A negative mindset
may view physical activity as an onerous addition to a routine due to several effects associated
with exercise. Negative effects associated with physical activity and exercise include discomfort,
sweating, increased ratings of perceived effort, and delayed onset muscle soreness (Chao, Foy, &
Farmer, 2000). Depending on perspective, physical activity and exercise may also be perceived as
a recreational or competitive activity rather than a therapeutic and preventative intervention to
improve overall health. For example, older adults tend to view exercise as a recreational pursuit
instead of a necessary approach to medical therapy (Schutzner & Graves, 2004). Investigators
suggest that this viewpoint is maintained because healthcare practitioners frequently give unclear
advice when prescribing exercise, if it is prescribed at all (Schutzner & Graves, 2004). More
specifically, healthcare providers are more likely to instruct older adult patients to be more
physically active without offering specific guidelines regarding time, type, duration, or intensity
(Schutzner & Graves, 2004). Moreover, approximately 87% of older adults report having at least
one barrier to prohibit exercise participation (O’Neil & Reid, 1991). Hence, identifying and
understanding the unique challenges and clarifying relevant issues is an essential step in
attempting to facilitating exercise among the older adult population (Schutzner & Graves, 2004).
Although there are a myriad of barriers and motivators associated with physical activity and
exercise engagement, a few will be discussed on below.

137

Barriers to Exercise Participation
Physicians can play a key role in promoting exercise behaviour among older adults. In
general, Americans average approximately three office visits per year to their doctor (Cherry,
Burt, & Woodwell, 2003). For older adults who suffer from chronic diseases, this statistic is even
higher. In a survey of 146 older adults living in public housing, 94% of the respondents reported
visiting their physicians at least once in the past year (Balde et al., 2003). However, despite high
exposure to the public, physicians are not regularly counseling their patients about exercise
(Balde et al., 2003). Interestingly, inactive older adults also report that they preferred to receive
exercise advice or support from their physician or healthcare practitioner (Schutzner & Graves,
2004). Common barriers cited for lack of physician intervention include inadequate time during
the office visit, limited reimbursement for preventative counseling, lack of training, and negative
perceived effectiveness as a behavioural counselor (Calfas et al., 1996). Physicians and healthcare
professionals must continually examine the quality of their recommendations to their patients. For
example, older adults often report that they are given vague directions regarding physical activity.
More specifically, they are simply told to ‘be more active’ without receiving any type of specific
recommendations (Chao, Foy, & Farmer, 2000). Nonetheless, because patients respect their
physician’s advice, older adults are more likely to change their levels of activity as a result of
intervention from their physician. Older adults who receive exercise advice from their physician
perform more moderate to heavy levels of exercise per week than those who did not receive
advice (Schutzner & Graves, 2004).
The most commonly reported barrier preventing older adults to participate in regular
physical activity is poor health or health concerns (Schutzner & Graves, 2004; Newson & Kemps,
2007). However, the most commonly reported motivator to exercise are those related to health
and fitness, suggesting that older adults are aware of the potential health benefits of exercise
(Newson & Kemps, 2007). Therefore, it is possible that older adults who are highly motivated to
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exercise are unable to do so due to existing health conditions (e.g., cardiovascular disease,
diabetes, post-stroke) (Newson & Kemps, 2007). Thus, more tailored options for older adults may
be needed to help improve their opportunities to engage in physical activity.
Another commonly reported barrier to exercise participation is a lack of time. Older
adults tend to consider adopting a regular physical activity program as time consuming
(Schutzner & Graves, 2004). Among some individuals, it is thought that initiating and
participating in physical activity takes considerably more time and effort to perform than other
preventative health behaviours (Chao, Foy, & Farmer, 2000). Time commitments might include
the time needed to perform an activity as well as the time required for travel to an exercise
program (Schutzner & Graves, 2004; Chao, Foy, & Farmer, 2000). Additionally, it may also take
several weeks to see the positive benefits on several health outcomes associated with regular
exercise. Older adults tend to drop out of an exercise program due to lack of results, and thus
view physical activity as time consuming (Chao, Foy, & Farmer, 2000). In addition to these
reported time constraints, the time of classes may not fit into an individual’s schedule, posing
additional barriers (Baert et al., 2011). Thus, providing older adults with options that are easy to
uptake and fit into their daily routines are needed.
The physical environment can also present as a potential barrier to exercise participation.
Environments should have available and convenient resources used both for exercise and physical
activity such as sidewalks, parks, recreation centres, and fitness facilities, encouraging exercise
participation throughout the community (Schutzner & Graves, 2004). Additionally, many older
adults rely on public transportation to arrive at their destination (Schutzner & Graves, 2004;
Chao, Foy, & Farmer, 2000). Other important factors present in the physical environment include
neighborhood safety, lack of exercise facilities/ facilities not nearby, and lack of a safe place to
exercise (Baert et al., 2011). In addition to the note above about time to travel to an external
exercise environment (e.g., gym), a chronic condition may pose environmental restrictions. Thus,
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it may be advantageous for individuals to begin an at-home program prior to venturing out to
programs located at external locations, especially for individuals who have recently experienced a
traumatic incident (e.g., hip fracture, stroke) and are still in various phases of recovery and
rehabilitation.
Older adults also report a lack of knowledge and understanding of the relationship
between moderate exercise and health as an especially relevant barrier, as many believe that
exercise is not necessary for health (Schutzner & Graves, 2004). In addition to lack of knowledge
about exercise (or poor health and physical literacy) as a potential barrier, older adults also report
that they do not know how to start participating in physical activity (Baert et al., 2011).
Furthermore, many older adults believe they already receive enough exercise through ADLs and
therefore do not need to begin performing regular exercise (O’Neil & Reid, 1991). However,
knowledge and belief in the health benefits derived from exercise seem to be helpful in
motivating older adults to initiate and participate in an exercise program. Interestingly, their level
of knowledge does not necessarily translate into long-term exercise adherence (Dishman, 1994).
In fact, factors such as feelings of enjoyment and satisfaction may lead to higher levels of
exercise adherence (Schutzner & Graves, 2004). Older adults may also feel that physical activity
is a waste of time, while also holding negative thoughts about exercise, and feeling that physical
activity is not appropriate at their age (Baert et al., 2011). Other common barriers include fatigue,
fear of injury or pain, fear of falling, lack of interest, feelings of self-consciousness, no exercise
companion, lack of social support, competing commitments, and cost (Baert et al., 2011). Thus, a
graduated program that allows individuals to choose their own levels of engagement and is
instructed by someone providing the appropriate knowledge may help to build interest, as well as
enhance the understanding between exercise and health. Part of this may include setting
appropriate needs and expectations.
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Motivators to Exercise Participation
An important first step in increasing exercise adherence is to identify needs and
expectations. During the formative stages of an exercise intervention, it is important that their
needs and expectations are met (Chao, Foy, & Farmer, 2000). Secondly, self-regulatory skills
regarding physical activity among older adults must be developed. Chao, Foy, & Farmer (2000),
states that adherence to physical activity can be enhanced through goal setting, self-monitoring,
and environmental management. Goal setting is facilitated by the understanding that physical
activity is a behaviour directed toward a purposeful end, a skill developed through practice, and a
challenge rather than a source of frustration (Chao, Foy, & Farmer, 2000). Individuals may
establish smaller goals that ultimately construct a larger goal, dividing it into manageable parts
that may be more easily attained and monitored (Chao, Foy, & Farmer, 2000). Moreover, an
individual’s exercise goals may change with age. For example, an older adult may be more
motivated to perform exercise to maintain health, while a younger person may be motivated to
maintain an attractive physique (Chao, Foy, & Farmer, 2000). This is an important motivator that
often gets overlooked prior to beginning an exercise program. Interestingly, a lack of goal setting
can serve as a potential barrier to exercise and may play a role in terminating an exercise program
(Baert et al., 2011). The motivation to exercise may fluctuate over time, with periods of varying
commitment. Therefore, relapse prevention is also an important step in the planning process. It
may be useful to view exercise relapses as expected occurrences, or interruptions rather than
terminators of physical activity (Chao, Foy, & Farmer, 2000).
Although poor health is reported as one of the most common barriers to exercise
participation, health and fitness is also one of the most commonly reported motivators to exercise
in older adults (Newson & Kemps, 2007). According to Costello et al. (2011), older adults tend to
initiate an exercise program in response to an already-identified health condition, such as
Parkinson’s disease or osteoarthritis. When health and fitness is considered a motivator, specific
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benefits included physical health benefits, better overall health, experiencing less pain, weight
control, and to maintain mobility (Baert et al., 2011). Other motivators related to health include
the aim to stay healthy or to combat age-related changes (Costello et al., 2011). Physically active
older adults also report that they continue to exercise on a regular basis to improve or maintain
health (Costello et al., 2011).
Some behavioural strategies have been analyzed to facilitate exercise compliance among
aging adults include incorporating music or utilizing telephone supervision which is often utilized
for home-based exercise training programs (Schutzner & Graves, 2004). Incorporating music into
exercise programs can add interest for older adults and may serve to facilitate exercise
participation and adherence (Schutzner & Graves, 2004). Music may be able to enhance the
exercise experience by lessening the perceptions of difficulty, monotony, and discomforts
associated with physical activity (Schutzner & Graves, 2004). In a study comparing home-based
exercise with telephone supervision to organized group face-to-face exercise, the former was just
as effective as the latter with respect to increasing health benefits and exercise participation (King
et al., 1991). It was also suggested that telephone ‘check-ins’ may serve as a source of social
support, which can enhance participant motivation and ultimately improve compliance (King et
al., 1991). Telephone contacts are a valuable component of home-based physical activity
programs. Weekly or bi-weekly phone calls may provide encouragement, affirmation of progress,
verbal rewards, as well as the opportunity to discuss problems and impediments to maintaining
physical activity (Chao, Foy, & Farmer, 2000).
Falls
A major public health problem due to the devasting consequences in terms of morbidity,
mortality, and loss of independence for older adults is falling (Perell et al., 2001). Although there
is no global definition, the most common definition of a fall is “an event which results in a
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person’s coming to rest inadvertently on the ground or other lower level” (O’Loughlin et al.,
1993). Typically, the definition of a fall should also include the caveat: without loss of
consciousness. More than a third of older adults 65 years of age and older fall each year, with this
number increasing to half for older adults 80 years of age and older (Stevens, 2006; Chang et al.,
2004; Pfortmueler, Linder, & Exadaktylos, 2014). Furthermore, falls are a leading cause of
disability, morbidity, and mortality among older adults (Sherrington et al., 2017). More
specifically, falls are the most common cause of injury, hospital admissions, and nursing home
admissions (Pfortmueler, Linder, & Exadaktylos, 2014; Rubenstein, 2006). Falls may be fatal or
non-fatal. As a substantial cause of morbidity and mortality among older adults, falls are also
reported to be the leading cause of both fatal and non-fatal injuries among people aged 65 years
and older (Pfortmueler, Linder, & Exadaktylos, 2014; Rubenstein, 2006; Burns, Stevens, & Lee,
2016). Behind cardiovascular disease, cancer, stroke, and pulmonary disorders, unintentional
injuries (i.e., fall-related injury such as a fracture) among older adults are the fifth leading cause
of death, with falls constituting two-thirds of these deaths (Rubenstein, 2006). The high
incidence, long-term effects, and significant costs associated with fall-related injuries pose a
significant burden to our healthcare system (Burns, Stevens, & Lee, 2016; Florence et al., 2018).
Non-fatal fall injuries are associated with considerable morbidity including decreased functioning
and loss of independence (Stevens, 2006). For example, as many as 20% of falls result in serious
injuries that may require prolonged medical care including hospitalization and rehabilitation
services (Burns, Stevens, & Lee, 2016). Approximately five percent of falls result in some type of
fracture, with an additional 5-to-11% resulting in other serious injuries such as traumatic brain
injury (Perell et al., 2001). In the year 2000, there were approximately 10,300 fatal falls in the
United States, accompanied by 2.6 million non-fatal fall-related injuries (Stevens, 2006). In the
same year, the estimated direct medical costs for these injuries totaled $20.2 billion for fatal falls
and $19 billion for non-fatal falls (Stevens, 2006). Importantly, these amounts do not include
nursing home costs and do not fully capture the costs of complications associated with falls
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(Stevens, 2006). For example, it is estimated that 12% of older adults who experience a fall then
require significant long-term nursing homecare (Stevens, 2006). Yet, Stevens, (Stevens, 2006)
reported that 63% of fall-related costs were for hospitalizations, 21% for emergency department
visits, and 16% for outpatient visits. More recently, in the year 2018, the estimated costs of fatal
and non-fatal falls combined totalled approximately $50 billion, with approximately 99% of this
cost attributable to non-fatal falls (Florence et al., 2018). Although these are statistics from the
United States, the numbers in Canada follow a similar pattern. Falls remain the leading cause of
injury-related hospitalizations among Canadian older adults, with 20-30% of older adults falling
each year (Government of Canada, 2014). Between the years 2003 and 2010, fall-related injuries
in Canada increased by 43% (Government of Canada, 2014). The majority of falls result in
broken bones and fractures, with more than one-third of fall-related hospitalizations among older
adults being associated with hip fractures (Government of Canada, 2014). Additionally, older
adults who are receiving care for a fall-related injury or condition in Canada spend an average of
nine days longer being hospitalized than any other condition or cause (Government of Canada,
2014). Furthermore, the number of deaths due to falls increased by 65% between the years 2003
and 2008 (Government of Canada, 2014). Falls among older adults are preventable, therefore the
need for effective fall prevention methods to maintain and improve the QoL and well-being of
older adults (Government of Canada, 2014).
Fall Risk Factors
The incidence of falls, risk of falls, as well as fall-related injuries, increases with age
(Pfortmueler, Linder, & Exadaktylos, 2014). Older adults may be living with chronic conditions
such as cardiovascular disease, diabetes mellitus, and arthritis. These conditions, as well as the
medications used to treat them, can increase fall risk (Florence et al., 2018). Additionally,
problems with mobility, balance, and loss of muscle strength that are associated with aging may
contribute to the likelihood of falling and fall-related injuries (Florence et al., 2018). Falls also
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have additional effects on the psychological well-being of older adults. Approximately 73% of
older adults who have experienced a fall may also exhibit signs of post-fall anxiety syndrome and
fear of falling (Perell et al., 2001). The consequences of fear of falling on function and
independence can further contribute to an increase in risk of falls, reverse any gains made through
rehabilitation, and result in additional healthcare costs (i.e., nursing home placement or prolonged
rehabilitation) (Perell et al., 2001). With approximately 0.3-1.6 people annually, the incidence of
falls among individuals who are 65 years of age and older appears to be lowest among
community-dwelling, generally healthy older adults (Rubenstein, 2006). For community-dwelling
older adults, a history of falls, especially recurrent or injurious falls, increases the risk of
admission to a nursing home, up to 40% of which are precipitated by falling or functional
instability among older adults (Perell et al., 2001). Falls among individuals living in long-term
care facilities (or nursing home) have much higher rates, ranging from 0.6-to-3.6 per bed annually
(Rubenstein, 2006). However, falls among individuals living in long-term care facilities tend to
result in more serious complications, for example 10-25% of such falls resulting in fracture or
laceration (Rubenstein, 2006).
Although falls can occur among older adults who are healthy and dwelling within the
community, or older adults who are frail and living in a nursing home, it is important to recognize
that falls are not an unavoidable consequence of aging (Moncada, 2011). In other words, falling is
not a normal part of aging. A fall may be caused by several issues, known as risk factors. A risk
factor can be an attribute or characteristic of the physical and social environment that may
increase the likelihood that a person will engage in potentially harmful behaviours or suffer
negative health outcomes (i.e., a fall). Therefore, it is important to consider that a fall may be
caused by multiple risk factors, and repeated falls may have a distinct etiology (Fuller, 2000). For
example, approximately 60% of falls are the result of multiple factors (Moncada, 2011). The most
commonly reported causes of falls include accidents, environmental hazards, falling from bed,
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gait problems, balance disorders or weakness, vertigo, medications or alcohol, acute illness,
confusion and cognitive impairment, postural hypotension, visual disorders, and central nervous
system disorders (Rubenstein, 2006; Fuller, 2000). Additionally, accidental or environmentrelated falls account for 30-50% of incidences (Rubenstein, 2006). Many accidental falls can
actually be contributed to the interaction between identifiable environmental hazards and
increased individual susceptibility to hazards from the effects of aging and age-related chronic
diseases (Rubenstein, 2006). Potential risk factors for falls may be modifiable, while others would
alternatively be classified as nonmodifiable. Risk factors such as being 80 years of age or older,
arthritis, cognitive impairment (i.e., dementia), sex (i.e., female), history of stroke, history of
fractures, and being recently discharged from the hospital (Moncada, 2011) are considered
nonmodifiable. Most modifiable risk factors include balance impairments, gait impairments, and
muscle weakness, and can be typically targeted through exercise interventions (Moncada, 2011).
Other modifiable risk factors include environmental hazards, medications (i.e., psychoactives),
polypharmacy (i.e., taking four or more prescription medications), use of assistive devices,
delirium, depression, dizziness or vertigo, fear of falling, auditory or visual impairments,
inappropriate footwear, and urinary incontinence (Moncada, 2011). Some of this latter listed risk
factors may not be directly impacted by exercise. However, a potential additive positive
consequence of an exercise program is that some of these factors (e.g., polypharmacy, fear of
falling) may also improve.
Fall-related risk factors can also be categorized as intrinsic (i.e., age-related physiologic
changes, chronic conditions, or diseases) or extrinsic (i.e., environmental hazards) (Perell et al.,
2001; Fuller, 2000). Intrinsic risk factors include normal physical and cognitive changes
associated with aging, and as a result of these age-related changes, older adults may become more
susceptible to falls (Fuller, 2000). These intrinsic factors, or patient-related factors, may include
advancing age, chronic diseases, muscle weakness, gait disorders, mental status alternations, and
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medications (Perell et al., 2001). To determine fall risks following hospital discharge, 214
patients who were 70 years of age and older, hospitalized for medical illness for greater than 48
hours and discharged to the community were investigated (Mahoney et al., 1991). Information
was obtained at hospital admission, discharge, and one month after discharge (Mahoney et al.,
1991). Individuals who had a high incidence of falls after discharge were older adults who were
functionally dependent (Mahoney et al., 1991). Several additional, and more specific intrinsic
aspects were identified as post-hospitalization fall risk factors: a decline in mobility, use of
assistive device, cognitive impairment, and self-report of confusion (Mahoney et al., 1991).
Although the conditions themselves (i.e., stroke, dementia) may be nonmodifiable, related aspects
such as functional dependency, may be improved through rehabilitation and exercise of physical
activity.
There are various other intrinsic risk factors that can be linked to the incidence of falls,
for example, sarcopenia – a condition characterized by a loss of muscle mass and strength
associated with decreased physical performance (Pfortmueler, Linder, & Exadaktylos, 2014).
Sarcopenia has been associated with poor endurance, physical inactivity, slowed gait, and
decreased mobility (Pfortmueler, Linder, & Exadaktylos, 2014). Along with these age-related
changes, sarcopenia can be worsened by a chronic state of inflammation, atrophy of motor
neurons, reduced protein intake, and immobility (Pfortmueler, Linder, & Exadaktylos, 2014).
Therefore, the link between falls and sarcopenia is evident and represented through the natural
loss of muscle mass and strength associated with aging, as well as the effect it has on physical
performance (Pfortmueler, Linder, & Exadaktylos, 2014). With age, an individual may also
experience a change in their senses (i.e., visual, vestibular, and somatosensory). As senses begin
to become impaired, it can greatly impact the ability of an individual to maintain balance during
standing or walking activities (Pfortmueler, Linder, & Exadaktylos, 2014). For example, visual
impairment is an important intrinsic risk factor for falls. Aspects that are especially known to be
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related to an increased risk of falling are decreased contrast sensitivity, impaired visual field, and
depth perception (Pfortmueler, Linder, & Exadaktylos, 2014). Several chronic conditions,
including arthritis and diabetes are also associated with increased fall risk (Pfortmueler, Linder, &
Exadaktylos, 2014). Approximately 92% of older adults have at least one chronic disease and 6585% have two or more co-existing chronic diseases (Pfortmueler, Linder, & Exadaktylos, 2014).
According to a study by Shumway-Cook et al. (Shumway-Cook et al., 2009), from among 12,669
community dwelling older adults receiving Medicare in the United States, the likelihood of
having one or two or more falls in the previous year (relative to no falls) was associated with
increasing number of comorbidities. Lastly, taking numerous medications are well known to
influence fall risk. A high number of drugs taken by older adult patients is related to several
potential negative consequences, such as a higher risk of being prescribed additional and
potentially inappropriate medications, as well as higher risks of side-effects and drug-drug
interactions (Pfortmueler, Linder, & Exadaktylos, 2014). Furthermore, there are several types of
drugs that are associated with increased fall risk, also known as “fall risk increasing drugs”
(FRIDs) (Pfortmueler, Linder, & Exadaktylos, 2014). The most common FRIDs are those with
sedatives and psychotropic effects such as sedatives, hypnotises, antipsychotics, and
antidepressants (Pfortmueler, Linder, & Exadaktylos, 2014). All of these may cause sedation, and
impaired balance and coordination that lead to an increased risk of falling among older adults
(Chang et al., 2004).
Extrinsic risk factors (i.e., environmental hazards or hazardous activities) are described as
primary causes for almost half of all falls (Perell et al., 2001). Environmental factors may include
household hazards such as slippery floors, inadequate lighting, loose rugs, unstable furniture, and
obstructed walkways. Many older adults attribute their falls to trips and slips inside the home or
immediate home surroundings (Pfortmueler, Linder, & Exadaktylos, 2014). Falls can also occur
through engaging in hazardous activities and behavioural risk factors. For example, being rushed
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or inattentive, difficulty or discomfort performing a task, or moving beyond limits of stability
(Perell et al., 2001). A previous review of 20 articles aimed to examine environmental factors
related to falls experienced by older adults in community and long-term care settings (Connell,
1996). It was found that environmental hazards such as slippery/ rough surfaces, obstacles,
inadequate lighting, or loose carpets created conditions likely to cause trips across all age groups
(Connell, 1996). However, these hazards pose a particular risk for community-dwelling older
adults who may already possess multiple intrinsic risk factors for falls (Connell, 1996). In other
words, although environmental factors may be the reported cause of a fall, intrinsic factors, such
as sarcopenia or an existing chronic condition, may have been a precursor or additional
contributing factor to the occurrence.
Lower vs. Upper Limb Impairments
A considerable fraction of research regarding fall prevention and fall risk factors has focused
on lower limb impairments such as muscle weakness, gait disorders, and balance impairments.
Lower limb strength and impairments have been the focus of fall prevention research as it is
suggested they play a dominant role in terms of a corrective response (Kim, 2012). For example,
underlying issues that are related to impaired balance and gait typically involve the legs or feet,
thus, it may be instinctual to target lower limb during fall interventions. However, upper limb
motions, or arm motions, can be commonly seen after a ‘slip’ starts, and thus may also play an
instrumental role in the occurrence of a fall (Kim, 2012). This response is typically seen in
attempt to regain stability, because the arms play a large role in a person’s centre of mass (COM),
potentially helping to regain balance (Kim, 2012). Arm mechanics play an important role in the
dynamic stability during gait movements and is defined as the ability to maintain balance
following a postural disturbance (Major, 2019). Note, the cyclical gait process involves moving
beyond the base of support, essentially causing an individual to lose their balance, but balance is
regained through the process of one leg swinging in front of the body to accept and redistribute
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weight from the stability leg until the shift causes another corresponding loss in balance, or
motion is ceased. In the scenario when the typical gait pattern is broken, or a loss of balance is
unrelated to walking, the arms contribute to augmenting the capability of recovering from a loss
of balance, or a slip, by bringing the whole-body COM back to within the normal balance range.
Although a larger portion of research has focused on the lower limbs with respect to falls and fall
prevention, there has been studies that focused on the upper limbs. For example, one study aimed
to quantify the prevalence of falling among individuals with an upper limb impairment and to
identify contributing factors (Major, 2019). The authors reported that the majority (approximately
70%) of falls among their participants with an upper limb impairment can be categorized as slips,
trips, and loss of balance (Major, 2019). Additionally, they noted that 55% of falls can be
categorized as intrinsic-related, with a high frequency of participants reporting that the fall
resulted from a generalized loss of balance (Major, 2019). In fact, reduced balance confidence
and reduced physical capabilities were among the factors associated with significantly
influencing the increased likelihood of falling (Major, 2019). Potential reasoning for the
occurrence of a fall among individuals with an upper limb impairment may be attributed to the
participants inability to stop the fall from occurring due to an upper limb impairment (i.e.,
weakness, paralysis, prostheses). Therefore, participants may not have been able to grab or reach
for a nearby ledge, table, or other aspect of their home or direct physical environment to lessen
the effect of the fall. When 122 participants who had been hospitalized for a stroke were involved
in a study to determine who may be most at risk of repeated falls post-discharge, poorer upper
limb function was a key factor (Ashburn et al., 2008). Additionally, participants who were
considered non-fallers but experienced near-falls were able to save themselves from falling by
using their upper limbs to stop a fall (Ashburn et al., 2008).
The relationship between falls and upper limb strength becomes increasingly apparent among
stroke survivors, who often experience upper limb impairments. For example, approximately 80%
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of stroke patients experience some type of upper limb paresis, therefore people who have suffered
a stroke are at an increased risk of falling in comparison to the general population (Hanna et al.,
2019). Interestingly, between 14-to-39% of people who have experienced a stroke have had one
or more falls during their hospital stay and approximately 75% of individuals post-stroke fall
within six months following their discharge (Nyberg & Gustafson, 1995; Tutarima, de Haan, &
Limburg, 1993; Tutarima et al., 1997; Nyberg & Gustafson, 1997). In comparison, fall rates from
the early 2000s remained as high as 50% among community-dwelling older adults who have
suffered a stroke (Hyndman, Ashburn, & Stack, 2002). In one study, researchers investigated the
relationship between participation in meaningful activities that involved standing or walking,
upper limb impairment, and fear of falling among individuals who had experienced a stroke, with
objective measures of sitting time post-stroke (Hanna et al., 2019). Participants in this study
reportedly participated in an average of 20% less activities after their stroke (Hanna et al., 2019).
Furthermore, participants who did have an upper limb impairment had a significantly higher daily
sitting time than those without this impairment, which in turn was related to them being more
likely to cease participation in meaningful activities that involved standing or walking (Hanna et
al., 2019). Thus, interventions for individuals who experienced a stroke, and are exhibiting upper
limb impairments, need to focus on how to increase engagement in meaningful activities but also
target programs that work towards reducing sitting time.
Fall Prevention Strategies
The cost of falls can be severe for both the patient and society (e.g., economy, healthcare,
family, friends). As a result, a vast amount of research and work has been done to develop
preventative programs for falls (Perell et al., 2001). Multifactorial risk assessments and
intervention strategies have proved to be effective in decreasing the rate of falls (Moncada, 2011).
A multifactorial fall risk assessment should be performed for all older adults who report a fall,
have gait or balance impairments, those who report two or more falls, and older adults who seek
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medical attention due to a fall (Moncada, 2011). It has also been highly suggested that all
individuals 65 years of age and older are assessed in general for a history of falls and balance
impairments (Moncada, 2011). This includes an examination of whether or not they have fallen,
the number of falls they have had, and gait and balance impairments (Moncada, 2011). Fall risk
assessment recommendations should include a multi-factorial exercise program (i.e., balance,
strength, and gait training), home modifications, a review of medications, management of
postural hypotension and ensuring the individual has proper footwear (Moncada, 2011). Although
fall risk or fall prevention assessments typically involve objective measurements for the person of
interest, another useful tool utilized in fall risk assessments is to obtain a history by a caregiver if
possible. Including a caregiver in the fall risk assessment can be a useful tool as patients tend to
overestimate their functional capabilities or for individuals who may have an underlying
cognitive impairment (Moncada, 2011). A history of the patient can be obtained by a caregiver,
family member, close friend, or even a neighbour, and should attempt to corroborate the details
provide by the patient or other data (i.e., medical records, assessments) (Moncada, 2011). The
type of information that may be collected should include a review of medications, frequency of
falls occurrence, any associated symptoms, other relevant medical problems, performance on
activities of ADLs, and fear of falling (Moncada, 2011). However, a better gauge of risk or
potentially needed interventions and resources to prevent a fall from occurring would be an
objective assessment or a physical examination.
When learning about an individual’s risk of falling, a physical examination should
include a detailed gait assessment using tools such as the Timed Get Up and Go test, Berg
Balance Scale, or a battery assessment such as the Performance-Oriented Mobility Assessment
which includes multiple tests comprising of the tandem and semi-tandem stance, evaluation of
muscle strength, neurologic examination, cardiovascular examination, an assessment of visual
acuity, and an examination of feet and footwear (Moncada, 2011). These types of assessments
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aim to evaluate the functional capability of an individual. For example, if an individual scores
poorly on tandem balance, which involves testing if an individual can effectively balance with
one foot in front of the other (i.e., heel of front foot placed near or touching the toe of the back
foot), this may indicate poor postural steadiness which typically relates to quiet standing but may
also be indirectly indicative of gait concerns. Environmental assessments can also be conducted,
which includes an assessment of the safety of the individual’s home. Home hazard assessments
and modifications can be an effective way to prevent falls for older adults, particularly among
individuals who have a history of falling (Pfortmueler, Linder, & Exadaktylos, 2014). Home
assessments aim to determine the degree of safety, function, and comfort of patients in their
homes and evaluate the need for adaptive equipment and assistive devices (Anemaet & MoffaTrotter, 1999). Previous research that assessed environmental hazards in the homes of older
adults found that approximately 80% of homes investigated had at least one fall-related hazard,
and 39% had five or more hazards. Interestingly, 97% individuals included in the study felt their
homes were fairly safe or very safe (Carter, 1997). Additionally, Fleming & Pendergast (1993)
noted that of 294 falls investigated in their study, more than 50% were related to environmental
factors within the home such as bedroom furniture, bedspreads, and floor finishes. Although there
is evidence suggesting that home hazard assessments reduce the risk of falls, the effectiveness of
these types of interventions remain unclear (Anemaet & Moffa-Trotter, 1999). However, there do
appear to be positive outcomes associated with the removal of home hazards. For example,
reducing potential fall risks within the home environment can improve older adult accessibility
throughout their homes, decrease the dependence on caregivers, and allow ADLs to be performed
more efficiently, all of which help to enable an individual to remain living independently in their
home (Anemaet & Moffa-Trotter, 1999).
Multifactorial fall prevention interventions have proved to be the most effective method
to reducing fall rates among the elderly. Although multicomponent interventions are typically
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considered the more effective approach to fall prevention interventions, single interventions still
garner research attention. For example, some single intervention approaches to fall prevention
have considered the impact of medications, supplements such as vitamin D, and exercise. Single
interventions, such as reducing medication use can dramatically decrease the risk of falls. In one
study examining men and women aged 65 years and older, withdrawal of psychotropic
medications resulted in a 66% reduction in the rate of falls in the medication withdrawal group
compared with the group taking their original medication (Sherrington et al., 2011). Other
examples of single interventions include vitamin D supplementation of at least 800 IU per day for
those with proven vitamin D deficiency. The Institute of Medicine (IOM) does not specific
recommendations for those at high risk of falls, but it recommends 800 IU of vitamin D per day
for persons older than 70 years and for those at high risk of osteoporosis (Moncada, 2011). In a
Cochrane review, vitamin D supplementation decreased the number of persons who fell and the
number of falls in men and women living in the community with lower baseline vitamin D levels
(Moncada, 2011). Interventions to prevent falls significantly reduce the proportion of older
people who fall at least once, as well as the monthly rate of falling (Chang et al., 2004). In a
systematic review and meta-analyses researchers assessed 40 fall intervention trials to determine
what type of intervention proved to be the most effective for fall prevention. Among the
interventions studied, a multifactorial risk assessment and management program was the most
effective component. Exercise was also an effective intervention at reducing falls (Chang et al.,
2004). However, there was no clear evidence for the independent effectiveness of environmental
modification or education programs when used as a single intervention (Chang et al., 2004).
Therefore, single interventions such as environmental modification, education programs, and
modifying risk factors should be used in combination with exercise interventions and other
prevention measures used to reduce the risk of falls among older adults.
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Exercise as a Fall Prevention Intervention
The AGS and British Geriatrics Society (BGS) guidelines specify that all older adults who are at
risk of falling should be offered an exercise program incorporating balance, gait, and strength
training (Moncada, 2011). Flexibility and endurance training can also be offered but are not
recommended as sole components of an exercise program. When 54 randomized controlled trials
were reviewed, in addition to providing evidence that exercise can be a single intervention
approach to preventing falls, the authors also reported that programs involving a higher dose of
exercise (i.e., at least two hours per week) and balance training yielded the greatest effects on
reducing falls (Sherrington et al., 2011). They also found that home-based settings can yield
favourable results (Sherrington et al., 2011). Other research has focused on strength training or
resistance training as part of an exercise intervention. Among older adults, resistance training can
improve neuromuscular activity, muscle mass, strength, power, and functional capacity, as well
as enhance cardiovascular function when prescribed in combination with aerobic training (Cadore
et al., 2013). A typical resistance training program is performed three times a week, with three
sets of eight to 12 repetitions (Cadore et al., 2013). For older adults and fall prevention
interventions, intensity should begin at 20-30%, progressing to 80% of 1RM (Cadore et al.,
2013). However, to optimize functional capacity among older adults, particularly individuals who
may be at an increased risk for falling, resistance training programs should include exercises that
mimic ADLs, such as the sit-to-stand exercise (Cadore et al., 2013).
Balance training is another type of exercise intervention utilized in fall prevention
programs. Although often considered an essential component to fall prevention interventions, it is
difficult to assess the effect of balance training alone due to the confounding variables of being
generally included in multi-component exercise programs (Cadore et al., 2013). Balance training
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typically includes exercises such as tandem foot standing, multi-directional weight lifts, heel-toe
walking, line walking, stepping practice, standing on one leg, catching/ throwing a ball, altering
the base of support, and weight transfers (Cadore et al., 2013). Tai Chi has also been a popular
activity choice among older adults that involves balance training and has been described as an
effective fall prevention intervention. Wolf et al. (1996), studied the effects of Tai Chi
interventions on 200 older adults and determined that 15-weeks of Tai Chi reduced the
occurrence of falls among participants. Similarly, Taylor et al. (2012), found that both Tai Chi
and home-based multi-component exercise programs were able to reduce the risk of falls (58%)
among community-dwelling older adults (Taylor et al., 2012). In general, when exercise is
discussed as a prevention intervention for falling, balance is typically an included component.
Although single-component exercise interventions (e.g., Tai Chi) have yielded promising results,
multi-component exercise programs appear to be the most effective interventions for improving
overall health status among older adults (Cadore et al., 2013). Improvements in functional
capacity tend to be greater when an exercise program or intervention includes more than one
physical-conditioning component (i.e., strength, endurance, or balance) as opposed to just one
singular aspect (Cadore et al., 2013). It is well-known that resistance exercise programs are
recommended to improve neuromuscular function, endurance exercise programs are
recommended to enhance cardiovascular function, and balance training stimulates improvements
on balance performance (Cadore et al., 2013). With these different types of exercise combined
into one multi-component exercise program, older adults can improve muscle mass and strength,
cardiovascular function, gait ability, balance, and may promote a greater sense of independence
(Cadore et al., 2013). In addition to fall prevention, the cumulation of these benefits associated
with multi-component programs may increase an individual’s ability to perform ADLs which in
turn increases their independence and overall QoL (Cadore et al., 2013). The results from a
Cochrane review illustrated that exercise programs that contain multiple components significantly
reduce the number of both falls and persons who fell (Gillespie et al., 2012). The number of older
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adults who fell was reduced by 17-to-35% with group exercise, individually prescribed homebased exercise, or Tai Chi (Gillespie et al., 2012). However, there is no evidence to suggest that
any of these types of programs are superior to another (Gillespie et al., 2012). Lord et al. (2003),
found that 12-weeks of an intervention that comprised of aerobics, slow-to-moderate paced
walking, flexibility, balance, and weight-bearing exercises resulted in 22% fewer falls among
frail older adults compared with control subjects who took part in a flexibility and relaxation
program. Similar results were found in a study conducted spanning one year, that aimed to
determine whether participation in a weekly group exercise program with additional home
exercises improved balance, muscle strength, reaction time, physical functioning, health status,
and prevents falls among at-risk community-dwelling older adults (Barnett et al., 2003). Overall,
participating in a multi-component exercise program was found to improve balance and reduce
the rate of falling among at-risk community dwelling older adults, in addition to other positive
outcomes (i.e., improved reaction time and coordination) (Barnett et al., 2003). It is therefore
thought that exercise may prevent injurious falls, not only through improving balance and
decreasing the risk of falling, but also by improving cognitive functioning and the speed of
protective reflexes (i.e., quickly extending an arm or grabbing nearby objects) (El-Khoury et al.,
2013). In general, the findings regarding multi-component exercise programs are important
because they may reduce the incidence of falls, prevent disability, morbidity, and death (Cadore
et al., 2013). Multi-component training programs should include gradual increases in volume,
intensity, and complexity of the exercises, along with simultaneous performance of resistance,
endurance, and balance exercises (Cadore et al., 2013). Multi-component exercise programs
within fall prevention research that have yielded the most favourable results (e.g., reducing fall
rates) among older adults are typically a minimum of 12-weeks, with sessions ranging from 30to-90 minutes each, one-to-three times per week (Moncada, 2011). Notably, the majority of
exercise programs also typically have a greater emphasis on activities involving the lower limbs.
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As upper limbs can be involved in the process of preventing a fall, or reducing the injurious
impact of a fall, more research should investigate this element.
Stroke
The WHO estimates that a stroke occurs every five seconds and is a leading cause of
disability (World Health Organization, 2008). Globally, it is estimated that each year 15 million
people will experience a stroke. Of these 15 million, approximately five million will die, and
another five million will be permanently disabled (World Health Organization, 2008). In Canada,
stroke is a leading cause of death and common cause of reduced disability-adjusted life years
(DALYs) (Grysiewicz, Thomas, & Pandey, 2008; Mayo et al., 2009). Additionally, 25% of
people who recover from their first stroke will have another stroke within 5 years (Michael &
Shaughnessy, 2006). Stroke can be defined as a sudden occurrence of focal neurological
dysfunction caused by a blockage or rupture of a blood vessel to the brain (Michael &
Shaughnessy, 2006). Strokes can be classified as ischemic (i.e., an occlusion of a blood vessel) or
hemorrhagic (i.e., rupture of a blood vessel) (Grysiewicz, Thomas, & Pandey, 2008).
Furthermore, hemorrhagic strokes can be further classified to include intracerebral hemorrhage
(i.e., bleeding within the brain) and subarachnoid hemorrhage (i.e., bleeding between the inner
and outer layers of tissue covering the brain within the subarachnoid space) (Grysiewicz,
Thomas, & Pandey, 2008). In the United States, a stroke occurs approximately every 40 seconds,
translating to 2,160 strokes per day. Interestingly, the rate of ischemic stroke is much higher than
that of hemorrhagic, making up approximately 87% of strokes in the United States (Rosamond,
2008). Although stroke prevalence is increasing, stroke mortality is declining. The recent
advances in the pharmacological treatment of acute stroke means that individuals are more likely
to live with the aftermath of stroke disability rather than death (Clarke & Black, 2005). However,
increasing stroke morbidity poses a large strain on the healthcare system. The costs of stroke are
estimated to be $34 billion per year for healthcare services, medications, and missed days of work
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(Ovbiagele et al., 2013; Mozaffarin et al., 2015). With the demographic shift towards an older
population, the prevalence of stroke is also expected to increase. The combined increase of stroke
prevalence with greater expectations of morbidity (rather than mortality), there is an urgent need
to focus on therapeutic interventions for individuals’ post-stroke. Stroke, like many other agerelated changes and chronic diseases, is not an inevitable consequence of aging (Michael &
Shaughnessy, 2006). Therefore, to reduce the risk of stroke incidence and mortality, it is
imperative to identify and reduce all possible risk factors (Rodgers et al., 2003). There are several
risk factors that have been identified for stroke, including modifiable (i.e., lifestyle, environment)
and nonmodifiable (i.e., age, race) risk factors (Grysiewicz, Thomas, & Pandey, 2008; Boehme,
Esenwa, & Elkind, 2017). In addition, risk factors for ischemic and hemorrhagic stroke share
some similarities and differences. Researchers have examined both classifications of stroke to
determine which risk factors are associated with each subtype. A study including 3,000 stroke
patients (n= 2337 ischemic, n=663 hemorrhagic) found that both subtypes shared the same
nonmodifiable risk factors, including age, sex, race, and ethnicity (Boehme, Esenwa, & Elkind,
2017). Investigators found that hypertension, smoking, waist-to-hip ratio, poor diet, physical
inactivity, hyperlipidemia, diabetes mellitus, alcohol consumption, cardiovascular disease, and
the ratio of apoliprotein B to A1 were all associated with ischemic stroke (Boehme, Esenwa, &
Elkind, 2017). In comparison, hemorrhagic strokes were associated with hypertension, smoking,
waist-to-hip-ratio, diet, and alcohol consumption (Boehme, Esenwa, & Elkind, 2017). A transient
ischemic attack (TIA) is also a strong predictor for stroke and can be defined as a focal
neurological deficit lasting less than one hour (Albers et al., 2002). The risk of stroke following a
transient ischemic attack is the greatest in the first 90 days, at eight-to-ten percent (Rothwell &
Warlow, 2005; Wolf et al., 1992). With a variety of risk factors present, estimating stroke risk
based on an individual’s combination of risk factors is an important component of care (Boehme,
Esenwa, & Elkind, 2017).
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Age is an important nonmodifiable risk factor for stroke. For each consecutive decade
following the age of 55 years, the rate of stroke nearly doubles for both men and women (Michael
& Shaughnessy, 2006; Wolf et al., 1992). However, the risk factors and incidence of stroke peak
among adults older than 75 years of age (Michael & Shaughnessy, 2006). The prevalence of
stroke for older adults older than 80 years of age is roughly 27%, compared with 13% for
individuals 60-to-79 years of age (Rosamond, 2008). In addition, nearly three-quarters of all
strokes occur among older adults older than the age of 65 years (Thom et al., 2006). Additionally,
the functional consequences often experienced by stroke survivors may be worsened by other
age-related changes and present conditions within this population (Michael & Shaughnessy,
2006). Another important risk factor for stroke is physical inactivity, which can be associated
with many poor health effects (Boehme, Esenwa, & Elkind, 2017). People who are physically
active tend to have a lower risk of stroke and stroke mortality than those who are inactive
(Boehme, Esenwa, & Elkind, 2017). However, the relationship between stroke and physical
inactivity may also be impacted by factors such as blood pressure, diabetes mellitus, and body
weight (Manson et al., 1991). Early identification and modification of these risk factors is
imperative to stroke rehabilitation to minimize impairments and morbidity, or disability, for all
populations.
Stroke-Related Impairments
Disability following a stroke may impact virtually all bodily functions, including gross
and fine motor ability, sensory, visual, affect, cognitive, and language systems (Mayo et al., 2009;
LeBrasseur et al., 2006). According to the International Classification of Functioning, Disability
and Health (ICF), impairments are defined as any difficulties that occur in bodily function and
structure (Harris & Eng, 2007). Stroke-related impairments are dependent on the location and
severity of the stroke and impacts individuals differently. The most common impairment
following a stroke is hemiparesis, affecting approximately 50% of stroke survivors (LeBrasseur et
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al., 2006). Hemiparesis can be defined as muscular weakness of the upper and lower limbs
contralateral to the brain lesion (Chan, 1986). The severity of post-stroke paresis can be related to
an individual’s independence in performing many functional tasks such as transfers, gait,
standing, and stair climbing (Bohannon, 1988; Wade & Hewer, 1987; Hamrin et al., 1982;
Bohannon, 1989a; Bohannon, 1989b; Bohannon & Walsh, 1991). The distribution of weakness
following stroke has been researched by numerous authors, yet the consensus remains that the
severity and recovery of stroke deficits on the weaker side follow a proximal to distal gradient.
For example, shoulder muscle strength should be less impaired and recovers more completely
than wrist and hand strength (Andrews & Bohannon, 2000). Upper limb paresis or impairments
affect up to 80% of people post-stroke and nearly 70% of those experience residual impairments
(Hanna et al., 2019; Harris & Eng, 2007). Unfortunately, approximately 40% of stroke patients
with upper limb impairments never fully regain functional use of the upper limb during daily
activities (Parker, Wade, & Langton, 1986). Until recently, much of the research has focused on
lower-limb impairments, however. This highlights the need to better understand the impact of
upper limb impairments among the stroke population, especially given its high prevalence.
The upper limb plays a significant role in the performance of ADLs and impairments can
compromise participation in many of these meaningful tasks (Harris & Eng, 2007). Therefore,
regaining upper-limb function is an important rehabilitation goal (Harris & Eng, 2007). Upper
limb impairments following stroke can result in weakness, pain, sensory loss, impaired dexterity,
and incoordination (Harris & Eng, 2007). Weakness in the upper limb muscles could impair
stabilization of proximal arm segments, limit reaching ability, confine hand usage, and affect
upper-limb control and coordination; all of which have a direct effect on the ability and use of the
upper limb in daily activities (Harris & Eng, 2007).
Stroke-related impairments may also be manifested in functional limitations (i.e.,
limitations in performing ADLs) (Verbrugge, 1994). Nearly 22% of people who have survived a
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stroke are unable to walk without assistance, and 26% are dependent on other person to carry out
ADLs (Helgason & Wolf, 1997). With an onset of new or worsening impairments, communitydwelling stroke survivors tend to spend significantly more of their waking hours sitting, with an
estimated 75% of waking hours spent sedentary (Butler & Evenson, 2014; English et al., 2016;
Moore et al., 2013). Additionally, people following a stroke tend to spend significantly less
waking time standing, walking, and engaging in activities of varying physical intensity compared
with their healthy counterparts (English et al., 2016). Stroke-related impairments are extremely
common and pose significant challenges to remaining active and regaining independence.
The ICF defines ‘activity’ as the execution of a task or action by an individual, whereas
activity limitations are difficulties that an individual may have in performing activities (Ovbiagele
et al., 2013). It is important to note that greater stroke severity is associated with a slower walking
speed and lack of independence with ADLs, which can be associated with increased sedentary
time and pose certain activity limitations (English et al., 2016; Tieges et al., 2015). In addition to
not being able to participate in activities previously enjoyed prior to stroke, having an upper limb
impairment, or a fear of falling, may also contribute to people with stroke participating in fewer
activities (Hanna et al., 2019). Approximately one-third of older adults will fall within one year,
which has been identified as a major complication following a stroke (Ashburn et al., 2008; Yates
et al., 2002). With the presence of several impairments, stroke survivors are at an even higher risk
of falling than the general population (Yates et al., 2002). It is estimated that between 14-and39% of people who have survived a stroke have had one or more falls during their hospital stay
and nearly three-fourths of individuals following a stroke have fallen within six months of being
discharged from the hospital (Forster & Young, 1995). Fall rates are as high as 50%, with 20% of
stroke survivors reporting minor injuries (i.e., cuts and bruises), and 37 hip fractures per 1,000
stroke patients, 84% of which resulted from a fall (Ramnemark et al., 1998). Additionally,
community-dwelling stroke survivors who experience a fall report higher rates of depression,
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limited social activities, and an increased caregiver burden (Forster & Young, 1995). Overall,
falling following a stroke may pose additional consequences such as further injury,
hospitalization, impaired mobility, nursing home placement, and fear of recurrent falling (Duthie
& Katz, 1998). Although many stroke survivors are discharged into the community, there is little
known information available regarding falls among community-dwelling stroke survivors (Yates
et al., 2002). Unlike fall risk factors relevant to the general population (e.g., previous falls,
medications), these elements are less relevant in predicting fall rates among the stroke population
(Ashburn et al., 2008). Among stroke survivors, greater body sway, gait impairments, visuospatial deficits, apraxia, and the use of sedatives have been associated with falls in the acute stage
(Ashburn et al., 2008). Additionally, balance problems, particularly while performing complex
tasks such as dressing, has been strongly linked to falls among community-dwelling stroke
survivors (Nyberg & Gustafson, 1997; Nyberg & Gustafson, 1996; Hyndman & Ashburn, 2002;
Andersson et al., 2006). Ashburn et al. (2008), aimed to identify who among community-dwelling
stroke survivors are most at risk for falling following discharge from the hospital (Ashburn et al.,
2008). Upon interviewing 115 participants 12-months following discharge, they found that
individuals who showed signs of instability (i.e., balance problems, near-falls) and were unable to
save themselves from falling (i.e., poor upper limb function) were most at risk for falls following
discharge from the hospital (Ashburn et al., 2008). In addition, another study found that repeat
fallers had worse upper limb function in comparison to non-repeat fallers (Hyndman, Ashburn, &
Stack, 2002). Interestingly, non-fallers who experienced near-falls were able to save themselves
from falling by using their arms (Hyndman, Ashburn, & Stack, 2002). Hanna et al. (2019), found
that stroke patients with an upper limb impairment reported significantly higher daily sitting time
than those without this impairment. Additionally, they reported that both a fear of falling and the
presence of an upper limb impairment are associated with a lower self-reported participation in
daily tasks (Hanna et al., 2019). Overall, these findings suggest that an upper-limb impairment
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may be associated with an inability to save oneself from falling, increased sedentary behaviour,
and may attribute to a fear of falling in this population.
Signs and Symptoms of Stroke
Early recognition of signs and symptoms associated with stroke are imperative to
minimize the impact of stroke-related impairments. Shockingly, approximately 1.9 million
neurons are lost each minute during which a stroke goes untreated (Saver, 2006). Therefore, the
aim of stroke prevention is to decrease stroke incidence through targeting risk factors (Boehme,
Esenwa, & Elkind, 2017). A major issue with stroke among the older population is that older
adults do not associate the onset of new symptoms (i.e., weakness, confusion, difficulty walking)
with an acute stroke, but rather attribute them to other illnesses or comorbid conditions (i.e.,
arthritis, weakness, headaches, or fatigue) and often fail to take immediate action (Michael &
Shaughnessy, 2006). The first step in stroke rehabilitation is to be immediately transported to a
stroke-qualified facility where definitive diagnosis and care can be initiated (Michael &
Shaughnessy, 2006). Stroke care begins with a thorough history, review of medications, recent
medical or surgical events, and a physical and neurological examination (Michael &
Shaughnessy, 2006). Most importantly, a stroke must be differentiated from other conditions with
similar symptoms such as seizures, confusion, syncope, metabolic disorders, brain tumors, or
subdural hematoma (Michael & Shaughnessy, 2006). Timely evaluation and treatment initiation
are crucial because the only currently approved treatment of ischemic stroke, recombinant t-PA
(tissue plasminogen activator which is used in the breakdown of blood clots), is effective only if
administered within the first three hours after symptom onset (Adams et al., 2003; Shaughnessy,
Michael, & Normandt, 2006). Thrombolysis (or thrombolytic therapy) is a common treatment to
dissolve blood clots among stroke patients. Recombinant t-PA is a thrombolytic agent that binds
to the fibrin in a thrombus (i.e., blood clot) and coverts the entrapped plasminogen to plasmin
which initiates local fibrinolysis and clears the blocked vessel to restore circulation (Michael &
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Shaughnessy, 2006). However, older adults are at an increased risk for hemorrhagic
complications from t-PA. Older adults may also be at an increased risk of intracranial hemorrhage
after thrombolysis for myocardial infraction, putting this population at a high risk for poor stroke
outcomes and complications (Michael & Shaughnessy, 2006). Overall, early therapy initiation,
including range of motion exercise and physiologically sound changes of bed position on the day
of admission, followed by a progressive increase in the level of activity, should be provided as
soon as medically tolerated (Duncan et al., 2005). This should also include encouragement to
resume self-care activities and socialization important to regain function to perform ADLs
(Duncan et al., 2005). As the physical demands of rehabilitation can be challenging, it is
important to understand that the patient’s tolerance for therapy will depend on several factors
including stroke severity, medical stability, mental status, and level of function (Duncan et al.,
2005).
Stroke Rehabilitation
Stroke rehabilitation typically entails a cyclical process involving (i) assessment to
identify and quantify the patient’s needs, (ii) goal setting to define realistic and attainable goals
for improvement, (iii) intervention to assist in the achievement of goals, and (iv) reassessment to
assess progress against agreed upon goals (Langhorne, Bernhardt, & Kwakkel, 2011).
Approximately 40% of patients following a stroke have moderate functional impairments, and
15-to-50% have some sort of severe disability (e.g., upper limb paralysis) (Duncan et al., 2005).
Therefore, early rehabilitation intervention is imperative to enhance the recovery process and
minimize functional disability (Duncan et al., 2005). Post-acute stroke is defined as ‘the period
immediately after discharge from acute care’ and entails the point at which the patient has
reached medical stability and the focus of care becomes rehabilitation (Duncan et al., 2005).
Stroke rehabilitation may be conducted within inpatient rehabilitation hospitals, rehabilitation
units in acute care hospitals, nursing facilities, the patient’s home, or outpatient facilities (Duncan
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et al., 2005). There is substantial evidence supporting the use of a multidisciplinary team care
approach (i.e., medical, nursing, physiotherapy, occupational therapy, speech therapy, and social
work staff) as the basis for delivery of stroke rehabilitation (Duncan et al., 2005; Langhorne,
Bernhardt & Kwakkel, 2011). Meetings with multidisciplinary teams provide a forum for
multidisciplinary assessment, identification of problems, short- and long-term rehabilitation
goals, and decision making (Langhorne, Bernhardt, & Kwakkel, 2011). To support this
multidisciplinary approach, Evans et al. (Evans et al., 1995), compared the effectiveness of
multidisciplinary inpatient physical rehabilitation programs with standard medical care in 36
clinical trials. They found that rehabilitation services improved short-term survival, functional
ability, and discharge location (Evans et al., 1995). However, they did not find long-term benefits,
which may suggest that therapy should be extended to the home or subacute care settings, rather
than being discontinued at discharge (Evans et al., 1995). Typically, stroke rehabilitation begins
during the acute hospitalization as soon as the diagnosis of stroke is established, and lifethreatening problems are under control (Michael & Shaughnessy, 2006). Therefore, the patient
must be stable prior to beginning rehabilitation. The highest priorities during the early stages of
rehabilitation are to prevent recurrent stroke and complications, manage health issues, promote
mobility and self-care activities, and provide emotional support to the patient and family (Michael
& Shaughnessy, 2006; Duncan et al., 2005). The stroke-specific rehabilitation unit works to
ensure early mobilization, availability of speech therapy, physical and occupational therapy,
rehabilitation psychology, and social support derived from the interaction with other stroke
survivors (Shaughnessy, Michael, & Normandt, 2006). Following the acute phase of stroke care,
the focus shifts to the assessment and recovery of any residual physical and cognitive deficits
(Duncan et al., 2005). Stroke rehabilitation can be difficult to assess due to the variability of
organizational settings. For example, rehabilitation services can be provided within an outpatient
setting for one hour per day, three days per week, by one therapist (Duncan et al., 2005). On the
other hand, some organizations can provide rehabilitation in a hospital setting, five hours per day,
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seven days per week, through a multidisciplinary team of clinicians (Duncan et al., 2005).
Therefore, it is difficult to compare progress between patients and benefit settings. As a result, it
is imperative that the individual needs of the patient be examined to determine the appropriate
dosage and type of rehabilitation given to appropriately facilitate recovery.
As noted, stroke rehabilitation can take place in several different settings. When a patient
receives care prior to discharge from a rehabilitation hospital or an acute care unit within a
hospital, this is considered to be inpatient rehabilitation (Duncan et al., 2005). Once a patient has
been discharged and is receiving care from their place of residence or home, this is considered
home-based, or at-home stroke rehabilitation (Duncan et al., 2005). The increasing occurrences of
stroke and a growing demand for rehabilitation services has generated an interest in the use of
alternative care environments, such as the home (Wottrich, von Koch, & Tham, 2007). At-home
stroke rehabilitation may be provided from a physiotherapist, occupational therapist, or
multidisciplinary team for stroke patients who live at home. This type of therapy is aimed at
preventing deterioration in performing ADLs and participation in chosen life roles (Langhorne,
Bernhardt, & Kwakkel, 2011). Chaiyawat et al. (Chaiyawat & Kulkantrakorn, 2012), aimed to
develop and examine the effectiveness of a 6-month at-home rehabilitation program among
ischemic stroke patients focused on disability and QoL. They determined early at-home
rehabilitation programs within the first six-months following stroke led to a more rapid
improvement in function, reducing disability, and increasing QoL (Chaiyawat & Kulkantrakorn,
2012). In addition, rehabilitation in the at-home environment following a stroke can contribute to
the preservation and maintenance of the patients of daily life (Wottrich, von Koch, & Tham,
2007). Therefore, at-home rehabilitation for stroke survivors that incorporate ADLs and
functional training may be an effective program following stroke.
Older age is also associated with greater disability in performing ADLs and mobility.
Paolucci et al., aimed to evaluate the specific influence of age on both basal functional status and

167

rehabilitation results in consecutive stroke inpatients (Paolucci et al., 2003). They demonstrated
that aging is associated with a poorer functional outcome compared to their younger counterparts,
regardless of stroke severity (Paolucci et al., 2003). Baseline measures showed that older patients
older than the age of 85 showed greater disability on both ADLs and mobility than younger
patients at admission (Paolucci et al., 2003). Furthermore, they determined that rehabilitation
results declined with increasing age (Paolucci et al., 2003). For example, individuals 85 years of
age and older are nearly ten times as likely to show a low response to rehabilitation with ADLs
and six times as likely to show a low response with mobility when compared to their younger
counterparts (Paolucci et al., 2003). Additionally, patients 50 years of age of younger showed
significantly higher effectiveness both on ADLs and mobility than that of age groups older than
the age of 65. Therefore, functional outcomes were poorer among the older age groups and
similar data were observed for mobility measures (Paolucci et al., 2003). Nevertheless,
rehabilitation among this older population remains valuable because even the smallest changes
can make great improvements in their daily life (Michael & Shaughnessy, 2006).
There are many components of stroke rehabilitation imperative to the recovery process
following a stroke. Of these, assessing function can be used to measure task-specific activities
that are essential to support the well-being of the individual (Langhorne, Bernhardt, & Kwakkel,
2011). Typically, these assessments can be accomplished via a battery of tests. For example, the
Functional Independence Measure (FIM) is used as a standardized functional assessment and is
the most widely used tool for measuring functional status (Langhorne, Bernhardt, & Kwakkel,
2011). The FIM assessments may include; aerobic capacity, arousal, attention and cognition,
assistive and adaptive devices, balance, circulation, continence, gait, locomotion, joint integrity
and mobility, motor function, muscle performance, pain, posture, range of motion, and self-care
(e.g., ADLs) (Langhorne, Bernhardt, & Kwakkel, 2011). Functional measures are important
among older adults because many will experience a functional decline and deconditioning,
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resulting in long-term loss of independence and decreased QoL (Rothan & Byrareddy, 2020).
Coupled with stroke-related disability, functional impairments common among older adults can
pose a major health threat to independence and QoL. Daily activities are composed of complex
movements that include strength, range of motion, and coordination. In addition to ADLs,
instrumental activities of daily living (IADLs) are skills beyond basic self-care skills required to
function independently at home-within the community (e.g., cooking, cleaning, shopping,
housekeeping) (Langhorne, Bernhardt, & Kwakkel, 2011). These tasks are imperative to
independent living, especially among older adults following a stroke. With muscle weakness
being a common impairment following stroke, a common intervention focus is functional training
(Langhorne, Bernhardt, & Kwakkel, 2011). Typically, exercise enhances the ability to maintain
independence with ADLs among adults 65 years of age and older, or with IADLs among
physically frail adults 75 years of age or older living at home (Courtney et al., 2011). Therefore,
strengthening exercises, especially focused on the upper limb, are essential to the ability to
adequately perform many ADLs and IADLs (Courtney et al., 2011). Among stroke survivors,
strengthening exercises can be utilized to regain muscle strength, functional performance, and aid
in the prevention of falls (Langhorne, Bernhardt, & Kwakkel, 2011). Harris et al., examined the
evidence for strength training of the paretic (i.e., paralyzed or semi-paralyzed) upper limb in
improving strength, upper-limb function, and ADLs (Courtney et al., 2011). Results showed that
upper-limb strength training can improve function without increasing pain among individuals
following a stroke (Courtney et al., 2011). Furthermore, Harris et al., examined the relationship
between specific upper-limb impairments and measures of ADLs and participation among stroke
survivors (Harris & Eng, 2007). Harris et al., found that upper-limb impairments were related to
reduced activity and participation in individuals following a stroke (Harris & Eng, 2007).
Therefore, this study showed that weaker paretic limbs were associated with less performance in
ADLs (Harris & Eng, 2007). Strength training, specifically in the upper limbs, appears to be an
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important aspect in stroke rehabilitation in order to improve functional ability, improve
performance on ADLs, and QoL.
Stroke treatment and rehabilitation is a complex and individualized process. It is
important to determine the best approach for each stroke survivor to maximize their functional
ability, independence and QoL. There is substantial evidence supporting the use of a
multidisciplinary team care approach including physicians, nurses, and rehabilitation services.
Additionally, stroke rehabilitation has focused on inpatient and outpatient rehabilitation settings.
However, with an increasing prevalence of stroke and demand for rehabilitation care, more
research is required to determine the most effective at-home rehabilitation strategies for this
population. Furthermore, there is a need to also focus on interventions that involve the upper
limbs. Unfortunately, as a result of the global pandemic, research designs must take the crucial
physical restrictions into to consideration.
COVID-19 Pandemic
The Coronavirus (COVID-19) pandemic began late in the year 2019, reaching a global
impact by early 2020. COVID-19 can be described as a major pathogen which targets the human
respiratory system (Rothan & Byrareddy, 2020). Additionally, COVID-19 is part of a large
family of Coronaviruses (CoVs) discovered in the 1960s that are typically harboured in mammals
and birds (i.e., camels, cattle, cats, and bats) (Ashour et al., 2020). Examples of previous
outbreaks of Coronaviruses (CoVs) include the severe acute respiratory syndrome (SARS)-CoV
in 2004 and the Middle East respiratory syndrome (MERS)-CoV in 2012, which have been
previously characterized as agents that are a great public health threat (Rothan & Byrareddy,
2020). Prior to 2002, coronaviruses CoVs were treated as nuisances but never as serious viruses
(Ashour et al., 2020). However, after the emergence of SARS-CoV, which caused serious illness
and deaths in 2002 and 2003, attitudes shifted (Ashour et al., 2020). COVID-19, also known as
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SARS-CoV-2, represents the seventh member of the CoVs family that infects humans and has
been classified under the orthocoronavirinae subfamily (Rothan & Byrareddy, 2020).
In December of 2019, several patients were admitted to hospitals with an initial
diagnosis of pneumonia of an unknown etiology. Following contact tracing of the patients, the
illness was linked to a seafood and wet animal wholesale market in Wuhan, Hubei Province,
China (Rothan & Byrareddy, 2020). Shortly after, the first cases of COVID-19 were reported,
with five patients hospitalized with acute respiratory distress syndrome (Rothan & Byrareddy,
2020). Unfortunately, one of those patients died and by early 2020, the number of COVID-19
patients was increasing drastically (Rothan & Byrareddy, 2020). The spread of COVID-19 was
rapid, and as of January 22, 2020, there were a total of 571 cases of COVID-19 reported
throughout China, spreading to 25 different provinces (Lu, 2020). Approximately three days later,
there were a total of 1,975 cases in the mainland of China, and a total of 56 deaths (Wang, Tang,
& Wei, 2020). The spread began to affect a number of other countries including Taiwan,
Thailand, Vietnam, Malaysia, Nepal, Sri Lanka, Cambodia, Japan, Singapore, Republic of Korea,
United Arab Emirates, United States, the Philippines, India, Australia, Canada, Finland, France,
and Germany (Rothan & Byrareddy, 2020). By January 30, 2020, there were 7734 confirmed
cases in China and 90 confirmed cases throughout the countries listed above (Rothan &
Byrareddy, 2020). Therefore, it was clear that the COVID-19 virus was spreading rapidly and
quickly becoming a global threat. From the first confirmed case on December 18, 2019 to just one
month following highlights how quickly the new COVID-19 virus could spread (Rothan &
Byrareddy, 2020). Furthermore, the unknown effects of the infection illustrate the threat to the
safety of the public while trying to combat the pandemic. As of September 28th, 2020, the
COVID-19 pandemic has resulted in 4.3 million confirmed cases to date and more than 290,000
deaths worldwide (Lu, 2020). Within North America, and across other parts of the globe,
increasing numbers in cases and deaths have been reported in both October and November 2020.

171

The symptoms of the COVID-19 infection appear after an incubation period of
approximately 5.2 days (Li et al., 2020). The period from the onset of symptoms to death ranged
from 6-to-41 days, with a median of 14 days (Wang, Tang, & Wei, 2020). These periods are
dependent on the age of the individual and the status of their immune system. For example, the
period was shorter among patients older than the age of 70 years old compared to their younger
counterparts (Wang, Tang, & Wei, 2020). The most common symptoms associated at the onset of
infection are fever, cough, and fatigue, while some other symptoms may include sputum
production, headache, haemoptysis, diarrhoea, dyspnoea, and lymphopenia (Wang, Tang, & Wei,
2020). Other common symptoms that have emerged include the loss of taste. However, the
change or loss in taste can also be age-related. Thus, not necessarily an indication that an older
adult has contracted COVID-19. It was identified that COVID-19 could be transmitted person-toperson, necessitating the need for societal restrictions to slow the curve of the quickly spreading
pandemic.
The person-to-person transmission of the COVID-19 infection led to the need to isolate
individuals who have tested positive (or exhibited symptoms), and a variety of treatments have
been administered (Rothan & Byrareddy, 2020). Currently, there are no specific antiviral drugs or
vaccines against COVID-19 that may act as a potential therapy or remedy for humans (Rothan &
Byrareddy, 2020). However, as of December 2020, there are promises that vaccines will soon be
available. The widespread implementation of a potential vaccine may remain problematic for a
period of time. Additionally, the rapid spread of the COVID-19 pandemic shut down economies
and societies across the world. For example, on March 9, 2020, Italy was the first European
country to apply a national lockdown in response to the spread (Bonaccorsi et al., 2020).
Following Italy and China, national lockdowns have been implemented in numerous countries
and travel has been drastically reduced to decrease the transmission rate of COVID-19
(Bonaccorsi et al., 2020). Governments across the globe enforced border shutdowns, travel
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restrictions, quarantine guidelines, especially among countries that comprise some of the world’s
largest economies (Nicola et al., 2020). In Canada specifically, restaurants, shops, and
recreational activities were unavailable to citizens to reduce the risk and spread to all Canadians.
In addition, travel across the US-Canada border remains closed (as of December 13th, 2020) to all
non-essential travel. With concerns of rising numbers and multiple waves, mandatory masks are
now required in many areas of the country to help prevent droplet transmission, in addition to
social distancing procedures and performing proper hand hygiene (Rothan & Byrareddy, 2020).
Therefore, the prevention of the transmission of COVID-19 required strategic guidance from
public health regions, including sufficient testing and the use of personal protective equipment
(PPE) (Fisman et al., 2020). It is clear that as a society, we have aimed to understand how the
virus spreads and what we can do to prevent it.
COVID-19 in Canada
In Canada, there has been a rapid spread of COVID-19 throughout long-term care
facilities. There was a marked increase in risk of death among older residents particularly
between March 2020 to early April 2020 (Fisman et al., 2020). Issues such as crowding, use of
communal space, low staffing ratios, and high care needs (i.e., high amount of physical contact
between residents and staff) have been recognized as key drivers of outbreaks in the LTC setting
(Gardner, States, & Bagley, 2020; Stall & Sinha, 2020). In relation to COVID-19, the
susceptibility in long-term care has shown to be particularly deadly, with an incidence of
mortality more than 13 times greater than that seen in community-living older adults during the
same period (Fisman et al., 2020). As of June 10, 2020, there were 1766 COVID-19 related
deaths among long-term care facility residents in Ontario, which constituted 71% of all COVID19 deaths across Ontario (Fisman et al., 2020). In comparison, it is estimated that more than 80%
of COVID-19 deaths occurred in long-term care facilities across Canada (Fisman et al., 2020).
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Currently, there is still no widely available treatment or vaccine in relation to the COVID-19
illness. Therefore, making the preventative measures still relevant in our current society.
The Relationship of COVID-19 and Stroke
The COVID-19 pandemic is affecting all parts of our global society. However, it is
having major implications on both direct and indirect stroke care (Markus & Brainin, 2020). With
COVID-19 being a relatively new virus, the relationship between stroke and COVID-19 remains
unknown. Interestingly, in several countries, there has been a reduction in the number of acute
stroke admission (Markus & Brainin, 2020). Perhaps this is due to a reduction in admissions of
patients with milder stroke, due to a fear of infection inside hospitals (Markus & Brainin, 2020).
Even prior to COVID-19, antecedent respiratory infections have been shown to increase the
short-term risk of ischemic stroke (Belani et al., 2020). To further highlight the relationship
between stroke and COVID-19, early reports from China indicate that neurologic symptoms were
seen in approximately 36% of hospitalized COVID-19 patients (Markus & Brainin, 2020; Belani
et al., 2020). Belani et al. (2020), aimed to determine the link between COVID-19 and stroke. It
appears that the COVID-19 infection is associated with increase morbidity and mortality that
surpasses the primary cardiopulmonary sequelae from the infection (Belani et al., 2020).
Therefore, COVID-19 patients may report common comorbidities associated with increasing the
risk of stroke, such as diabetes, cardiovascular disease, and hypertension.
COVID-19 has been one of the largest global health outbreaks seen in decades. It has
changed the way in which we conduct daily activities and interact with other people. COVID-19
has posed a large public health threat, with cases continuing to fluctuate, and increasing numbers
or waves being an imminent threat. In Canada, measures such as social distancing, proper hand
hygiene, PPE, and mandatory masks have been set in order to help reduce the potential spread of
the disease. With no current treatment or vaccine, it is imperative that our societies continue to
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actively reduce the spread of COVID-19. This includes taking the necessary precautions when
conducting research. There has been a lot of discussion focused on the impact of COVID-19 on
employment rates (e.g., Coibion, Gorodnichenski, & Weber, 2020; Brynjolfsson et al., 2020) and
even education (e.g., González et al., 2020) (Coibion, Gorodnichenski, & Weber, 2020;
Brynjolfsson et al., 2020; González et al., 2020) . However, how to continue to conduct research
has focused more at the institutional level. Although in various countries across the globe,
including Canada, elementary and high school students may be returning to in-class education,
several universities opted for an online delivery. Research aligned with university institutions
should heavily consider the role of methods that involve person-to-person contact. Attempts to
revise research projects to involve virtual interventions and methods are currently needed. Thus,
this thesis project has been modified from originally taking place within a hospital to adopting a
virtual approach.
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APPENDIX A: RECRUITMENT POSTER
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APPENDIX B: FES-I
Now I would like to ask some questions about how concerned you are about the
possibility of falling. Please reply thinking about how you usually do the activity. If
you currently don’t do the activity (e.g., if someone does your shopping for you),
please answer to show whether you think you would be concerned about falling IF you
did the activity. For each of the following activities, please [indicate] the [response]
which is closest to your own opinion to show how concerned you are that you might
fall if you did this activity.
Not at all Somewhat
Fairly
Very
Concerned Concerned Concerned Concerned
[1]
[2]
[3]
[4]
1 Cleaning the house (e.g.,
sweep, vacuum, or dust)
2 Getting dressed or undressed
3 Preparing simple meals
4 Taking a bath or shower
5 Going to the shop
6 Getting in or out of a chair
7 Going up or down stairs
8 Walking around in the
neighbourhood
9 Reaching for something
above your head or on the
ground
10 Going to answer the
telephone before it stops
ringing
11 Walking on a slippery surface
(e.g., wet or icy)
12 Visiting a friend or relative
13 Walking in a place with
crowds
14 Walking on an uneven
surface (e.g., rocky ground,
poorly maintained pavement)
15 Walking up or down a slope
16 Going out to a social event
(e.g., religious service, family
gathering or club meeting)
Scoring: when all items are completed, simply add the scores for each item together to
give a total that ranges as follows: Minimum 16 (no concern about falling) – to –
Maximum 28 (severe concern about falling)
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APPENDIX C: SIS-16
1. Explain to the patient/proxy what the questionnaire is about: “Now I am going to ask
some questions about how much difficulty you have had while performing some activities
in the past 2 weeks.”
2. Ask patient/proxy the following questions exactly as they are written. DO NOT
CHANGE the script.
In the past 2 weeks, how difficult
was it to…

Not
A little Somewhat
Very
Could
difficult difficult difficult difficult not
at all
[4]
[3]
[2]
do at
[5]
all
[1]

a. Dress the top part of your body?
b. Bathe yourself?
c. Get to the toilet on time?
d. Control your bladder (not have
an accident)?
e. Control your bowels (not have
an accident)?
f. Stand without losing balance?
g. Go shopping?
h. Do heavy household chores
(e.g., vacuum, laundry or yard
work)?
i. Stay sitting without losing your
balance?
j. Walk without losing your
balance?
k. Move from a bed to a chair?
l. Walk fast?
m. Climb one flight of stairs?
n. Walk one block?
o. Get in and out of a car?
p. Carry heavy objects (e.g., bag of
groceries) with your affected
hand?
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APPENDIX D: DEMOGRAPHIC QUESTIONNAIRE
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APPENDIX E: BORG CR-10
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APPENDIX F: 12-WEEK PROGRAM SCHEDULE
Week

Days/ Week

Exercises

ONE

3

1-2

TWO

3

Difficulty: Easy
2-3

THREE

3

Difficulty: Easy
3-4

FOUR

3

Difficulty: Easy
All easy level exercises in one session

FIVE

3

1-2 Easy level videos

3

1-2 Moderate level videos
*Minimum 3 videos
2-3

3

Difficulty: Moderate
3-4

EIGHT

3

Difficulty: Moderate
All moderate level exercises in one session

NINE

3

1-2 Moderate level videos

TEN

3

1-2 Difficult level videos
*Minimum 3 videos
2-3

ELEVEN

3

Difficulty: Difficult
3-4

3

Difficulty: Difficult
All difficult level exercises in one session

SIX
SEVEN

TWELEVE
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APPENDIX G: PARTICIPANT CHECKLIST
Date: __________________
How many exercise videos did you perform? (Note: This does not include the warm-up
or cool-down videos)
___ 1

___ 2

___ 3

___ 4

___ 5

___ Other (Please Specify: ______)

Borg CR-10 Rating (See Scale): ________________

Did you perform any Limited Mobility Exercise videos?

___ Yes

___ No

If yes, which videos did you perform? (Click all that apply)

___ Straight Push

___ Circle Movement

___ Towel Slide

___ Cup Grip

Did you perform any Moderate Mobility Exercise videos?

___ Yes

___ No
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If yes, which videos did you perform? (Click all that apply)

___ Punching Movement

___ Pushing Movement

___ Unweighted Bicep Curls

___ Umbrella Slide

Did you perform any Difficult Mobility Exercise videos?

___ Yes

___ No

If yes, which videos did you perform? (Click all that apply)

___ Weighted Bicep Curls

___ Open Arm Movement

___ Side Arm Raise

___ Cup Pass
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